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DDP-516 General Purpose Computer 



SECTION i 
INTRODUCTION 



This volume contains flow charts and analyses of all DDP«-516 Instructions. Sepa- 
rate coverage Is provided for the memory reference fetch cycle. The Instructions are pre- 
sented In groups (i. e., load and store, arithmetic, logical, etc.). For convenient reference, 
the mnemonic, number of cycles, and Op Code appear on each page. Symbols and abbrevia- 
tions used In the flow charts are defined in Table 1-1. A function index Is provided to be 
used as an aid in determining function sources and definitions, (Table 1-2). 
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S i g nal Mn e moni c s 

The electrical characteristics of the computer circuits are called: passive (+6 vdc) 
and active (0 vdc). The logical functions are true (logic ONE) and false (logic ZERO)* In 
general there are two ways of relating the electrical characteristic and logical function for 
each signal mnemonic* 

a. An assertion signal (for example, A01FF+) is logically true when it is at 
+ 6 vdc; and is logically false when It Is at vdc. 

b, A negation signal (for example, A01FF-) is logically true when it is at vdc; 
and is logically false when it is at +6 vdc 

A particular signal mnemonic can be labeled assertion- or negation arbitrarily.- The 
signal mnemonic convention uses the sixth character to specify assertion or negation. 



Table 1-1. 

Symbols and Definitions 



Symbol 


'■ titic-i 


A or • 


Logical AND 


V 


Logical OR 


-V or © . 


Exclusive OR 


-* 


Replaces 


3^ 


is exchanged with 


-* 


Is discarded 


( ) 


Contents of a hardware register 


[EA] 


Contents of a core location specified by the 
effective operand address 


A 


A-register 


ADB 


Address bus 


B 


B-register 


C 


Carry flip-flop (CB1TF) 


E 


E-register 


EA 


Effective operand address; the address from 
which the operand will be obtained 


F 


Flag (indirect address indicator) or F-register 


INB 


Input bus 


IW 


Instruction word 


M 


M-register 


N 


Two's complement of number of shifts to 
be performed 


OTB 


Output bus 


P 


P- register 


X 


.X-register 
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Table 1-2. 

Function Index 



Mnemonic 



LBD No. 

Jjlgnal Source) 



Definition 



xx PA 
OCPLS 
OCPRC 
O'FGOO • ■ 

0PG3C 

OPG AA 
OPGDP 

OPGJS 

OPGMD 
OPGNS 



! 


OPGSM 




OPGWR 




0TB x x 
OTPMA 




10GRP 




10PL5 




1AD61 




1AD63 



IADX x 

1CYEF 
1CYLF 
1CYS1 
1 G x x x 

1MA0P 

1MB xx 
1NCSC 
1ND x x 



■101-116-C5. 
134-K10 

147-F3 
120-F1 

120-F9 

I27-E9 
124-F11 

129-JH 

123-B6 
125-B11 

128-C10 

126-E6 

138-XX 
240-H6 
1'20-K5 

134-J9 
135-C3 
13S-C5 

135-C4 

119-G8 
119-K7 

263-E7 
200-XX 

120-F5 
101-116-D5 

126-L3 

I32^XX 



Adder input OR gates (G&H), bits 1 through 16 

Output control pulse 

Output control pulse s real-time clock 

Op group 00 

Op group for three cycle instructions 
(JST v IRS v CAS v IMA v LDX v 
DOUBLE PRECISION) 

Op group, A -cycle utilization of A -register. 

Op group* double precision arithmetic, operation 
(ADD v SUB v LDA v STA) 

Op group, jump or skip (J MP v JST v IRS v 

(SKIP ENABLED)) 

Op group, multiply or divide (MPY v DiV) 

Op group, negative sum. Control ENSHL/ 
ENSLL for subtractive process, (SUB v IRS 
v CASAM) 

Op group s sum to M»register control 
(STA v IMA v LDX v STX) 

Op group, write/read control (STA v IMA v 
LDX v STX v IRS v JST) 

Output bus, bits 1 through 16 

Output transfer pulse, DMA option 

Op group, input/output group 

Input/output pulse 

Interrupt address 61 (RTC location 00061) 

Interrupt address 63 (Standard interrupt 
location 00063) 

Interrupt address, location 00XX1 
through 00XX7 

I-cycle early flip-flop. (Indirect address) 

I-cycle late flip-flop. (Indirect address) 

I-cycle and sector zero not selected 

Interrupt address greater than 063 or 067 or • 
077 or 107 or. 117 or 127 or 137 (as applicable) 

IMA op code 

Input bus„ bits 1 through 16 

Increment shift counter if not 00g 

Console indicator lamp drivers, bits 1 through 16 



1-3 



Table 1-2. (Cent) 

Function Index 



Mnemonic 


LBD No. 

{Signal Sou - . '..- 


r . <= i «.,-.< l... • i 


1NHPF 


135-FU 


Inhibit power failure interrupt 


1NK0P 


122-L8 


INK op code 


1NSTR 


241-L2 


Input strobe s DMA option. 


IRS OP 


120-K3 


IRS op code 


1YB x x 


223-XX, 
135 -XX 


Input- to -Y bus, bits 2 through 16. DMC 
option, and program, interrupt 


A x x FF 


101-116-J5 


A -register flip-flops, bits 1 through 16. 


AOOFF 


124-L4 


A 00 flip-flop 


A0QM1 


124-J8 


AOOFF equals M01FF 


A1QA2 


126-B3 


A01FF equals A02FF, normalize signal 


ACKA x 


241-B4 


Acknowledge for DMA channel 1 through 4 


ACKPF 


135-B3 


Acknowledge for power failure interrupt 


ACKRC 


135-B4 


Acknowledge for real-time clock 


ACT x x 


244-XX 


DMA address count bits 1 through 16 


ACYEF 


119-F4 


A -cycle early flip-flop 


ACYLF 


119-L4 


A -cycle late flip-flop 


ACYNX 


129-B1 


A -cycle is next main frame cycle 


ADB x x 


138-XX 


v* J .'? - .-i« ; - ' - . t< ■ ■ 


ADDOP 


120-F2 


» ABB op code 


ANAOP 


■120-F1 


ANA (logical AND to A)op code 


AZERO 


126-L9 


A -register equals zero s bits 1 through 16. 


AZZZZ 


125-L10 


A g - - e ::• - } r - » > , s: .- • i f ] i , > - 'i - ,-. 


B x x FF 


101-116-J1 


B -register flip-flop, bits I through 16. 


BANK x 


145-=C2 


Memory bank select A, B, C, or D 


BR1CY 


134-C7 


BREAK and 1 -cycle 


BREAK 


134-K1 


BREAK flip-flop. Set by program interrupt, RTC S 
memory increment, ( or DMC operation, etc. 


BRREQ 


134-E1 


BREAK request (sync -in to BREAK operation) 


CASOP 


120-H4 


CAS op code (compare A and SKIP) 


CASAM 


126-L4 


A01FF equals MO IFF in CAS instruction 


CB1TF 


124-L2 


C-bit flip-flop (arithmetic overflow, etc.) 


CHEN x 


241-B9 


Channel enable for DMA option (channels 
1 through 4) 


CHSL x 


241-D3 


Channel select for DMA option (channels 
1 through 4) 


CLA1L 


130-H11 


Clear A -register bit I (clock level) 


CLAMP 


141 -J7 


Clear A -register with manual pushbutton 
switch 


CLATL 


122-F7 


Clear A-register^ total (clock-level) 


CLATR 


122-H7 


Clear A -register, total (clock- reset) 
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Table 1-2. (Cont) 
Function Index 



\>l - , ♦ r . » * ' 


LBD No. 
(Signal Source) 


Definition 


CLBMP 


141-F7 


Clear B-register with manual pushbutton 
switch 


CLBTR 


123-J7 


Clear B-regIster ? total (clock-reset) 


CLCHS 


241-J5 


Clear DMA channel select flip-flops 

(clock-reset) 


CLDTR 


125-H5 


Clear D-register to ONE s s total (clock-reset) 


CL.ETR 


125-H2 


Clear E-register to ONEs, total (clock-reset) 


CLFTL 


125-H8 


Clear F-register, total (clock-level) 


CLLTR 


241-L10 


Clear L-register f DMA option, total (clock- 
reset) . • 


CLMMP 


141-B7 


Clear M»reglster with manual pushbutton 
switch 


CLMTR 


128-K8 


Clear M-register, total (clock-reset) 


CLP1L 


134-L2 


Clear program Interrupt and memory Increment 
request lines 


CLPMP 


141 -C7 


Clear P- and Y-registers with manual push- 
button switch 


CLPTR 


129-J10 


Clear P-register, total (clock-reset) 


CLRDR 


126-L1 


Clear D -register when master clock oscillator 
has stopped - . 


CLRF5 


134-E7 


Clear bit 5 of F-register on program Interrupt 


CLSEX 


134-K5 


Clear single execute, (program interrupt and 
memory increment) request flip-flops 


CLSZR 


262-H9 


Clear sector zero relocation 


CLXTR 


128-F8 


Clear X-register, total (clock-reset) 


CLYTR 


129-J3 


Clear Y-register, total (clock-reset) 


'CLZTL 


241-L5 


Clear Z -register, (DMA option) total (clock- 
level) 


CMK09 


122-L7 


Clear mask flip-flops for OTK instruction 


CMKXX 


134-K7 


Clear mask, l/O control pulse. 


DOODJ 


130-Dl 


Fictitious D00 bit to take care of right shift 

end effects 


DOOFF 


130-H9 


D00 control flip-flop, extension of D-register. 


D x x FF 


101-116-F8 


D -register flip-flops, bits 1 through 16 


DOGFF 


124-L7 


Divide termination control flip-flop for 
arithmetic option 


D17DJ 


130-F3 " 


Fictitious D17 bit (end effect) of left shift 


D1LA x 


245-F8 


Device Interrupt line, DMA channels 1 

through 4 


D1QAZ 


123-B3 


DO IFF equals AZZZZ flip-flop 


D1V0P 


120-F5 


D1V op code 


DALEN 


224- 


DMC address line enable 


DCY2X 


221-D10 


DMC cycle 2 
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Table 1-2. (Cont) 

■Function index 



Mnemonics 


LBD No. 

(Signal Source) 


Definition 


DCY3X 


221-K5 


DMC cycle 3 


DCYXX 


221-B10 


DMC cycle 1, 2 $ and 3 


IX} ONE 


126-D9 " 


D -register equals zero, bits 1 through 16. 


DMA1N 


259-XX 


DMA input mode 


DMACY 


241 ~L7 


DMA cycle 


DMARQ 


241-B5 


DMA request 


DMAWR 


241-G9 


DMA write/read control 


DMCCY 


138-B11 


DMC cycle 1, 2, 3 ? and 4 


DMCRQ 


220-F6 


DMC request 


DMCRR 


221-F2 


* DMC reset ready line 


DMCWR 


221-L2 


DMC write/read control 


DPOLX 


124-J11 


Double precision or LDX op code 


DPMOD 


124-B10 


Double precision mode flip-flop 


DRL1N 


143-B4 


Device ready line 


DSPLO 


141 -D7 


Display operating indicators 


DSP LA 


■ 141 -H7 


Display A -register 


DSPLB 


141 -E7 


Display B-register 


DSPLM 


141 -A 7 


Display M-register 


DSPLX 


141 -K7 


Display X-register 


DSPLY 


141-B7 


Display Y -register 


E x x FF 


101-116-L3 


E -register flip-flops, bits 1 through 16. 


E01NS 


119-E1 


End of instruction 


EOADJ 


130-D9 


Fictitious E -register bit for shift end effect 


EOBDJ 


130-F1 


Fictitious E -register bit for shift end effect 


EOCDJ 


130-D8 


Fictitious E -register bit for shift end effect 


EODDJ 


130-D11 


Fictitious E.- register bit for shift end effect 


E0Y16 


124-»J9 


Enable zero to Y-register, bit 16. 


E1CHL 


125-F10 


Enable ONE to shift counter bit 1 1 (clock-level) 


E1CTS 


125-J8 


Enable ONE s to shift counter, total (clock-set) 


E1DTS 


125-L6 


Enable input bus to D-register s bits 1 through 
16 (clock-set) 


E1K17 


127-L4 


Enable 1 carry -in from fictitious bit 17 
(end inject carry) 


E1YHS 


129-L7 


Enable IYB, bits 2 through 9, to Y -register 

(clock- set) 


E1YLS 


129-L6 


Enable !YB f bits 10 through 16, to Y -register 
(clock-set) 


E40SC 


I21-C2 


Enable 40 (octal) to shift counter. Setup 
for NRM instruction 


E57SC 


124-J3 


Enable 57 (octal) to shift counter, Setup for 
DiV instruction 
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Table 1-2. (Cont) 

Function Index 



Mnemonics 



E70SC 
EASTL 

E.BETS 
ECETS 
EDA IE 
EDAHS 

EDALS 
EDBTS 
EDMx x 

EDMAY 

EDMTS 

EDPTE 
EDPTS 

EDYTS 

EEALS 

EEATS 

EMC x £ 

EMCTL 

EMFTL 

EMSHL 

EMS EL 

EMITS 

ENSHE 

ENSK1 



LBD No. 

_ (Signal Source) 



124-G3 
127-L1 
125-L1 

125-L3 

130-H10 

122-L1 

122-L2 

1 Z 3 — EZ . 

101-116-G8 

241 -L3 

128-H11 

129-G9 
I29»L9 

129-L2 

I22-K4 

122-L4 

121 -XI 1 

125-J11 

128-K4 

127-L3 

I27-L10 

128-H7 

127-L7 

150-K2, 3 



Definition 



Enable 70 (octal) to shift counter. Setup for 

MPY instruction 

Enable A -register to sum network, bits 1 
through 16 (clock-level) 

Enable B-register to E -register, bits 1 through 

16 (clock-set) 

Enable shift counter to. .E-register, bits 11 

through 16 (clock»set) 

Enable D-register to A-register s bit 1 
(ciock-levei) 

Enable D»register to A -register, bits 1 through 

8 (clock-set) 

Enable D-register to A-register, bits 9 through 

16 (clock-set) 

Enable D-register to B-register, bits 1 through 

1-6 (clock-set) 

Enable D-register to M-register, bits 1 
through 16 (DJs with ESM_ _ gates) 

Enable DMA bus (address count or Z-register) 
to Y-register s bits 1 through 16 (clock-set) 

Enable D-register to M-register, bits 1 
through 16 (clock-set) 

Enable D-register to P-register (clock-level) 

Enable D-register to P-register, bits 1 
through 16 (clock-set) 

Enable D-register to Y -register, bits 1 through 
16 (clock- set) 

Enable E-register to A-register, bits 11 

through 16 (clock-set) 

Enable E-register to A-register, bits 1 
through 10 (clock-set) 

Enable M-register to shift counter, bits 11 
through 16, respectively. 

Enable M-register to shift counter, bits 11 
through 16 (clock-level) 

Enable M»register to F-register, bits 3 
through 6 (clock-level) 

Enable M-register to sum network, bits 1 

through 7 (clock-level) 

Enable M-register to sum network, bits 8 
through 16 (clock-level) 

Enable M-register to X-register, bits 1 
through 16 (clock^set) 

Enable M-register (negation) to sum network, 
bits 1 through ? (clock-level) 

Selection Sink Enable Pulse 
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Table 1-2. (Cont) 

Function Index 



Mnemonics 



LBD No. 

(Signal Source) 



- Definition 



ENSLL 

ENTRA 
ENTRB 
ENTRM 
ENTRP 
,ENYSW 
EPSLL . 

EPYTS 

ERAOP 
ERLAX 
ERLXX 
ESDTS . 

ESMTS 

ETAHS 

ETALS 

EXSTL 

EXTMD 
EYSHL 

EYSLL 

EYZTL 

EZYTL 

F01CY 
FO x FF 
FCXOO 

FCYEF 
FCYLF 

FCYM2 

FCYSO 



127 -L5 

141 -H4 

141 -E4 
141 -A 4 
141 -B4 
150-K4, 5 

128-H4 

129-L4 

120-K1 

259-XX 
222-L11 

125-L4 

128-H10 

122-L5 

122-L6 

128-K5 

136-H1 
128-K3 

128-K2 

241 -L6 

241 -J7 

119-D7 
120-DX 
134-J11 

119-F10 
119-K10 

136-F4 

127 -F5 



Enable M-register (negation) to sum network, 
bits 8 through 16 (clock-level) 

Enter A -register (manual console op) 

Enter B»register (manual console op) 

Enter M-register (manual console op) 

Enter P-register (manual console op) 

Digit Selection Switch Enable Pulse 

Enable P^register to sum network bits 3 
through 16 and enable M-register bits 1 
and 2 to sum network (clock-level) 

Enable P-register to Y -register, bits 1 
through 16 (clock-set) 

ERA op code (exclusive OR to A) 

End of range for DMA 

End of range line for DMC 

Enable adder sum to D -register, bits 1 
through 16 (clock-set) 

Enable sum network input to M-register, 
bits 1 through 16 (clock-set) 

Enable transposed D-register, bits 9 through 
16 into A-register, bits 1 through 8 (clock™ 
set) 

Enable transposed D -register bits 1 through 
8 into A-register, bits 9 through 16 (clock-* 
set) 

Enable X -register to sum network, bits 1 
through 16 (clock-level) 

Extended addressing mode flip-flop 

Enable Y -register to sum network, bits 1 
through 7 (clock-level) 

Enable Y -register to sum network, bits 8 
through 16 (clock-level) 

Enable Y-regi€ter to Z -register, bits 1 
through 16 (clock-level) 

Enable Z-register to Y-register via ACT + 
lines, bits 1 through 16 (clock-level) ~~* ~ 

F or i cycle control flip -flops are' set 

Function register, bits 3 through 6 

Function control indicating address bus lines 
08, 09, 10, and 14 are all zero 

F -cycle early flip -flop 

F -cycle late flip -flop 

F«-cycle/M02PF (tag store flip-flop for 
extended addressing mode) 

F-cycle sector zero specified in memory 
reference instruction addressing 
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Table 1-2. (Cont) 

Function index 



Mnemonics 



G x x DJ 

GENOA 
GENOB 
GEMOP 
HxxDJ 

HOLDM 
JAMKN 
JMPOF 
JSTOP 
L x x FF 

LOB x x 

L17XX 
LlB_x x 
LDAOP 
LMPRN 
LMRxx 

LSXOP 

LXACY 

M x x FF 

M01ML 

M02DJ 

M17FF 

M5G 4G 

MACYL 
MADFF 
MASTO 

lyfBSYL 
MCRST 
MCSET 
MCTLG 
MDA2A 

M.DA2C 

MDG2E 



LBD No. 

(Signal Source) 



101-116-B4 

120-K11 
120-K10 
120-C11 
101-116-B9 

128-J8 
127-J4 
120-J1 

120»K4 
242-243-XX 

242^243-XX 

133-XX 
245 -XX 
120-F1 
132-C3 
153-161-E5, 

120-H5 

263-D9 

101-116-J8 

262-K7 

136-H5 

133-K10 

123-F1 

128-E1 

124-L5 

141-E9 

150-B2 

118-G1 
118-F3 
118-G2 

123-D3 

123-G10 
123-D1 



Definition 



11 



, Adder network Input (A v X), bits 1 through 16, 
respectively 

Generic operation, class A 

Generic operation.* class B 

Generic operation 

Adder network input (MvPvYvM-), bits 1 
through 16, respectively 

Hold M-register contents {inhibit CLMTR-) 

Jam carry network {suppress carries) 

JMP op code 

JST op code 

L-register flip-flops, bits 1 through 16 
(DMA option) 

L-register output bus, bits 1 through 16 
(DMA option) 

Fictitious .LIT for parity injection 

L-register input bus, bits 1 through 16 

IDA op code 

Lamp, run indicator 

Selection Switch Discharge Resistor Line 

Load/store X -register op code 

Load X -register/A -cycle 

M»register f bits 1 through 16 

M01 control from memory lockout 

M02 DJ gates for extended addressing 

Parity bit flip-flop of memory parity option 

Minterm control in DP and .TAB instructions 

Multiply control in A -cycle 

Multiply and divide control flip-flop 

Memory access, store mode 

End of Memory Busy pulse 

Master clock, reset phase 

Master clock s set phase 

Master clock, timing level generator phase 

MPY/DIV option, A -cycle, TL2, control 
minterm A 

MPY/DIV option, A -cycle, TL2, control 
minterm C 

MPY/DJV option, timing level 2, control 
minterm E 
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Table 1-2. (Cont) 
Function Index 



Mnemonics 


LBD Woe 
(Signal Souk ce ) 


finition 


MDG4D 


123-G9 


MPY/D1V option, timing level 4, control 
minterm D 


MBQ1X to 
MD17X 


153 to 161 
C4, 5 


Memory data output signals 


MDSLA 


122-B9 


MPY/BiV option, shift left A-register 


MDSRA 


123-E9 


MPY/DiV option, shift right A-register 


MELOV 


262-K3 


Memory lockout violation flip-flop 


MEMAC 


141-G8 


Memory access .node control 


ME MCI 


126-J11 


Memory cycle initiate 


MFG2E 


122-F11 


Main frame, general cycle, TJL2, mifiterm E 


MM x x x 


142 -XX 


Memory to M°register data bits 1 through 16, 
from memory bank A through D and combina- 
tions 


MPEFF 


133-J7 


Memory parity error flip-flop 


MPYOP 


120«FS 


M.PY op code 


MSTCL 


141-B10 


Master clear (over all initialization) 


N xx PA 


101-116-C9 


Adder network input AND gates (G aH), bits 1 
through 16, respectively 


NOP 10 • 


125-D10 


l/O no operation® Device not ready 


NOST0 


262-D3 


Mo store. Protected memory area is being 
accessed. 


NRMOP 


128-D1 


NRM op code 


P x x FF 


101-116-J11 


P-register flip-flops, bits 1 through 16 


P02BS 


136-D5 


P02 storage flip-flop toe bank control extended 
addressing. 


P1L00 


133-L6 


Program interrupt line 00 (standard) 


P1REQ 


143 -XX 


Prog rani interrupt request 


P1SEX 


134-C2 


Program interrupt or single execute request 


PARCK 


143-B4 


Parity check indicator from l/O 


PERM1 


134-E4 


Permit interrupt flip-flop 


PF1NT 


135-*B8 


Power failure interrupt signal from sensing 
PAC 


PFHLT 


141 -K8 


Power failure halt mode control 


PM1ND 


136.-K1 


Previous mode indicator flip-flop for 
extended-addressing mode 


PROT x 


2 64 -XX 


Accessing protected sector through 3 

00»0? or 40-47 
10-17 or 50-57 
20»27 or 60-67 
30^37 or 70-77 


R xx PA - 


101-116-C9 


Adder network or gates (G v H-), bits 1 
through 16, respectively 
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Table 1-2. (Cont) 

Function Index 



Mnemonics 



RCYF1 
RC7SW 
RDATA 
READY 

REMOK 
RENSK 
RESTR 

RPTT2 

RRCXX 

RRL1N 

RSKA1 

RTCAD 

RTCLK 

RUNFF 

RUNMD 

RXSWA 

RYSWA 

S x x C x 

SAM1N 

SCxxF 

SCQ70' 
SCQ77 
SCZRO 
SCZR1 
SDARS 

' SDBRS 
SBB xx 
SDR x x 
SEC x x 

SENS x 
SETAO 



LBD No, 
(Signa ■ Si urce) 



150-E1 

150-H5 
150-E5 
141-J10 

. 123-B1 

150-E4 
262-»F5 

126-G5 
126-L6 

134-K8 
.150-E2 

147-F9 
147-H2 
126-J2 
141-D10 

150-E2 
150-E3 

117-XX 

240 -H3 

121 -XX- 

121-L1 

121 -LI 

121-L3 

1.21-L2 

123-L11 

123*-L10 
130-C6 

140^X7 
272 -xx 
140-X10 

125-J9 



Definition 



Read cycle flip-flop 

Digit selection switch read timing pulse 

Memory data input disable pulse 

Prestart signal from console pushbutton 
switch 

Remainder OK to terminate divide 

Selection Sink enable read timing pulse 

Restricted mode flip-flop for memory lockout 
option 

Repeat TL2 timing level 

Read-regenerate cycle control to memory 

Reset ready line signal to J/O device 

Selection sink read command timing pulse 

Real-time clock address decoder 

Real -time clock service request 

RUN control flip-flop 

RUN mode console switch control 

X -Selection switch read command pulse 

Digit selection switch read command timing 

pulse 

Sum network outputs from carry gating, 
bits i through 16, respectively 

Sense amplifier to M-register inhibit. DMA 

memory control 

Shift counter flip-flops. Bits 11 through 16. 

Shift counter equals octal 70 

Shift counter equals octal 77 

Shift counter equals zero 

Shift counter equals zero or minus one (77) 

Shift (double) A«register f right shift (clock- 
set) 

Shift (double) B^register, right shift (clock- 
set) 

End effects for SDBRS to B-register ? bit 1 
and bit 2 

Set data register, bits 1 through 16, from 
console pushbutton switches 

Sector (00-77) is unprotected in memory 
lockout option 

Sense switches on console, 1 through 4, 
respectively ' ■ 

Set A00FF control signal 



1-11 



Table 1-2. (Cont) 

Function Index 



Mnemonics 



SETAZ 

SETF5 

SETTA 

SEXOO 

SEXLV 

SEXPF 

SEXRC 

SEXRQ 
SHAOP 
SHASC 

SKGRP 

SLATS 

SLBTS 

SMK01. 

SMK09 

SMKXX 

SMP1L 

SPMOD 

SEATS 

SRBTS 

SRSTL 

STAOP 
START 
STCHN 
ST CHS 
STEPP 
STEXT 

STRB1 

SUBOP 

SW01 to 
SW17 

TACFF 
TBDFF 
TL13F 



LBD No* 

(Signal Source) 



125-J9 

134-H5 

240-G11 

135-B6 

135-B5 

135-B3 

. 135-B3 

200 -XX 
120-K8 
120-K7 

120-K6 

122-L10 

123-L4 

134-L11 

122-J9 

134-E10 

135-A10 

135-H9 

122-L11 

123-L9 

128 -HI 

120-F2 
141 -J9 
241 -LI 
241 -J 6 
141-G10 
136-H9 

150-G6.7 
120-F1 

(Core Stack) 

240-C7 

240-C10 

118-D5 



Definition 



Set AZZZZ control signal 

Set bit 5 of F»register for memory increment 

Set TLA timing level flip-flop in DMA option 

Standard interrupt priority network flip-flop 

Memory lockout violation interrupt priority- 
network flip-flop 

Power failure interrupt priority 
network flip-flop 

Real-time clock g er vice request priority 
network flip -flop 

Single execute memory increment request 

Shift A -register op code 

Shift A -register and shift counter does not 
equal zero 

Skip group op code 

Shift left to A -register (clock-set) 

Shift left to B-register (clock-set) 

Set mask group Mo. 1 (standard devices) 

Set mask group No. 9 (OTK instruction) 

Set mask general output strobe 

Sample program interrupt lines 

Single pulse mode control (service jumper) 

Shift right to A -register (clock-set) 

Shift right to B-register (clock-set) 

Shift right from A -register to sum network 
(clock-level) 

STA op code 

Start pushbutton switch release 

Set channel enable flip-flops in DMA option 

Set channel select flip-flops in DMA option 

Step P-register in ME MAC mode 

Set extended addressing mode 

Sense amplifier strobe pulse 

SUB op code 

Sense amplifier core stack sense winding 
inputs 

Timing level mid-TLA through mid-TLC 

(DMA option) 

Timing level mid-TLB through mid»TLD 
(DMA option) 

Timing level mid-TLl through mid=-TL3 
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Table 1-2. (Cont) 
Function Index 



Mnemonics 



TL1FF 

TL23F 

TD24F 

TL2FF 

TL3FF 

TL4FF 

TLATE 

TLAFF 

TLBFF 

TLCFF 

TLDFF 

TLEFF 

VACOO 

VAC03 

VDC06 

WCYFl" 

WENSK 

WR1NH 

WSKA1 

WT7SW 

WXSWA 

WYSWA 

X x x_FF 

XD01 to XD32 

XB01 to XB16 

Y xx FF 

Y04XX to 
Y16XX 

YSKRH 

YSKRL 

YSWRH 

YSWRL 

01YD1X to 
17YD8X 

01YB1X to 
17YB4X 

Z x x FF 

ZSEC x 



LBD 

(Signal 



No. 

Source) 



118 
118 
118 
118 
118 
118 
118 
240 
240^ 
240. 
240. 
240- 
148- 
148- 



-J 11 

-D8 

-Dll 

-J8 

-J6 

-J3 

-B8 

-Fll 

-F9 

-F6 

-F4 

-F2 

«E9 

»E9 



Definition 



150-E7 

150-E9 

126-D8 

150-E10 

150-»H4 

150-E11 

150-E9 

101-116-L8 

152-XX^ 

152 -22L 

101-116-L10 
101, 116-L10 

150-Kil- 

150-K9 
150-K7 
150-E4 

153-161, -F X 

153-161, »KX 

244-XX 
270-XX 



Timing level TL1 

Timing level mid-TL2 through mid-TL3 

Timing level mid-TJL2 through mid-TL4 

Timing level TL2 

Timing level TL3 

Timing level TL4 

Timing level, late, TL2 and TL3 inclusive 

Timing level A in DMA option 

Timing level B in DMA option 

Timing level C in DMA option 

Timing level D in DMA option 

Timing level E in DMA option 

vac, transformer center tap 

3 vac, PF1 transformer 

-6 vdc 

Write cycle flip-flop output 

Selection sink enable write timing pulse 

Write inhibit 

Write sink activate 

Digit selection switch write timing pulse 

X -selection switch write command pulse 

Digit selection switch write command timing' 

pulse 

X -register flip-flops, bits 1 through 16 

X -selection switch outputs 

X -selection sink outputs 

Y -register flip-flops, bits 1 through 16 

Double rail memory address signals 

Digit selection sink command pulse 
Digit selection sink command pulse 
.Digit selection switch command pulse 
Digit selection switch command pulse - 

Digit selection switch outputs 

Digit selection sink outputs 

Z -register flip-flops, bits 1 through 16 
Zero sector relocation mask, bit 2 through 7 



NOTE: 25 indicates a variable character position In the mnemonic. 
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SEC TiON II 
FLOW CHARTS /INSTRUCTION ANALYSES 



The instruction analyses are detailed presentations of some key signals generated 
within the CPU from the time an instruction operation code is recognized until the execution 
is complete and the next instruction's fetch cycle is initiated. The instruction fetch cycle 
and I- cycle are covered on pages 2-4 through 2-7. Included in an analysis are the source 9 
destination, and operational description of the signal. The location, of the logic making up 
the signal is also given. Within each instruction class, the definitions of Instruction Analyses 
are presented in alphabetical order of their mnemonic code as follows: 



Generic 

ACA Add C to A 

AOA Add ONE to A 

CAL Clear Left Half 

CAR Clear Right Half 

CHS Complement A Sign 

CMA Complement A 

CRA Clear A- register 

CSA Copy Sign and Set Sign Plus 

ENB Enable Program Interrupt 

HLT Halt 

IAB titer change A and B 

ICA Interchange Halves 

ICL .Interchange and Clear Left Half 

ICR Interchange and Clear Right Half 

iNH Inhibit Program interrupt 

INK Input Keys 

NOP No Operation 

OTK Output Keys 

RCB Reset C to ZERO 

SCB Set C to ONE 

S— (Skip Group) 

SSM Set Sign Minus 

SSP Set Sign Plus 

TCA Two's Complement A 



CODE 



INSTRUCTION 



^ -"'.-I .';*-' 


1NA 


Input to A 


OCP 


Output Control Pulse 


OTA 


Output from A 


SMK 


Set Mask 


SKS 


Skip if Sens e Line . Set 


Memory Ri 


reference 


ADD 


Add 


ANA 


Logical AND 


CAS 


Compare 


ERA 


Exclusive OR 


IMA' 


Interchange memory and A 


IRS 


Increment,* Replace, and Skip 


JMP 


Unconditional Jump 


JST 


Jump and Store Location 


LDA 


Load A 


LDX 


Load index Register 


STA 


Store A 


STX 


. Store Index Register 


SUB 


Subtract 


Shift 




ALR 


Logical Left Rotate 


ALS 


Arithmetic Left Shift 


ARR 


Logical Right Rotate 


ARS- 


Arithmetic Right Shift 
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CODE INSTRUCTION 



SMfMC^t^ 

LGL Logical Left Shift 

LGR Logical Right Shift 

LLL Long Left Logical Shift 

LLR Long Left Rotate 

LLS Long Arithmetic Left Shift 

LRL Long Right Logical Shift 

LRR Long Right Rotate 

LRS Long Arithmetic Right Shift 

The flow charts summarize the. sequence of events that occur within the central 
processor (CPU) during the execution of each instruction. The flow charts are easy to use 
if the reader applies the following general analysis . 

With reference to the Clear A (CRA) flow chart, note that to the left of each box is 
an alphanumeric (such as Tl ) and columns of letter codes (such as R t L f 'S). The alpha- 
numeric is the time during which operations within the horizontal dashed lines occur. The 
letter codes specify whether the functions in the same horizontal plane are levels (L), con- 
trolled by the reset clock MCRST (R) f or controlled. by the set clock MCSET (S). 

The information within a box. is in abbreviated text form, that is to say that certain 
key phrases have been replaced with symbology. An example is -*(M) t which means that 
the contents of the M-register is replaced with zeros (cleared). Another method of clearing 
registers used in the DDP-516 is l's -►(D). Rather than replacing the contents of the D- 
register with zeros f the contents are replaced with ones. This method only applies to the 
D-, E-, and X«-registers e All other registers are cleared to all zeros. 

The mnemonics to the right of the box are the signals that implement the operation 
described in the box e In the case of -* (M) it is clear M-register totally on reset clock 
(CLMTR-) which causes the register to be cleared; 

In some cases mnemonics are deliberately omitted from, the flow chart for simplicity. 
In these cases, reference to the analyses of instructions is required*. 



2»2 







ENTER FROM PREVIOUS OPERATION 
(FETCH CYCil ENTRY ENABLED) 


FCYEP* 




















1 


? 








T! 


R 

I 
S 


0^(M) # l's-p) 

0»)+l -ADDER, 0^ (F) 
ADDER -(D) 


CLMTR-/CLDTR- 

EPSLL+, E1K17-, CLFTL- 
ESDTSf 


(SEE NOTE) 


















, , <» 






"T2 


. STROBE 
R 
S 


[eaJ -cm) 

o^cp) 

(D) -0>) 


MMnnE- 

CLPTR- 

EDPTSf 




















< 








T2 


L 


(M)^ - (F) 3 ^ 6 


EMFTL+ 





& 

13 



(TLATE) 



rC 

r'rrr-v YES 



C^D^ 1 



YES f SECTOR ZERO? ^\ NO 

"~~ V ( MQ7 - 0) J — — 

INDEXING? ~\ NO YES /*™ "(HDD 

(MQ2 = i) J— *| pH (M0: 




l N $t YES / ^"" INDEXING? ~~ "A NO 

-/| r~ V CM02- 1 ) j — 

)ER ( (Y)i^ (M)g„ |6 +(X) M6 * p) VIA ADDER 




(M) ft 



_ 1 

(M) N7 - ADDER 

(M) 8 ^ 16 * ADDER 

(M)- N7 - ADDER 



- <D) N7 . 

>8-16 -^S-l 6 VIA ADDER 



EMSHL+ 
EMSLL+ 
ENSHL-f 



T3 



14 



00 1-7 < M >8-16 - (D) ViA ADDER 
1 



(Y) w - ADDER 
(M)g_ 16 -» ADDEI 



\EYSHL+ 

EMSLL+ 



(D) 



„ ADp_E_R_<»Jpj_ 



. - (Y) 



|[EA] ^CM)|. 

AS SPECIFIED 

IY Y 



YES 



C 



INDIRECT ADDRESS? 

(M01 -1) 



> 



ciDia- 

'ESDTS* 

CLYTR- 
EDYTS+ 



NO (EA SS IN Y) 



XY 



TY 



NOTE? MISSING SIGNALS CAN IE 

POUND IN F-CYCLI ANALYSIS 



MEMORY REFERENCE 
F-CYCLE 
(EXCLUDING JMP) 
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Memory Reference F- Cycle (excluding JMP) 





013 fnA* . 






Type: 






F 


T£-rofe. el? 


! i 


I ADDRESSr I H 


Description: 






1 2 3 4 5 6 7 x 


8 9 10 11 


12 13 14 15 16 














Execution 


Time (/isec): 






Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 




EPSLL-f 


128-H4 


F 


TERTE 


L 


(.FCYEF+HTLATE-) 


•128-F3 


101--116-A10 


Enable P-register to 




BIK17- 


I27»L4 


F 




L 


(TLATE-) 


127-J5 


116-D7/D9 


adder 
Force carry to adder 




TLATE 




CLMTR- 


128-K8 


F 


TL1 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Clear M-register 




CLBTR- 


125-J5 


F 


TL1 


R 


(1CYEF-)(ACYEF-)(TL1FF+) 

(MCRST+) 


125-A5 


101---116-E7 


Clear D-register to 
ONEs 




CLFTL- 


I25-J7 


F 


TLi 


L 


(1CYEF-)(ACYEF-)(TL1FF+) 

(MCRST-H 


125-A5 


120-B1 

121-A5 

125-L10 

124-L5 

124-L7 


Clear F»register 
Clear shift counter 
Clear AZZZZ F-F 
Clear MAD FF 
Clear DOG FF 




ESDTS+ 


125-L4 


F 


TL1 


S 


(1CYEF-)(ACYEF-)(TL1FF+) 

(MCSET+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


( 


CLSEX+ 


134-Kfe 


F 


TLI 


L 


(TL1FF+)(1CYEF-) 


I34-K4 


135-B4 


Clear single execute FF 


1 


MMnnE - 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101--U6-H8 


Memory data set into 
M-register 




CLPTR-* 


129-JiO 


F 


TL2 


R 


(EDPTL+)(MCRST+) 


129-H10 


101--116-H10 


Clear P-register 




EDPTS+ 


129-L9 


F 


TL2 


S 


(EDPTL+)(MCSET+) 


I29-H9 


101--116-GI1 


Enabled D-register into 
P-register 




EMFTL+ 


128-K3 


F 


TLATE 


L 


(M07FF-)(MEMAC-)(FCYLF+ 

(TLATE+HGEN0P-) 


127-G4 


. 120-A2 
136-B4 1 
136-D3 / 


Enable M(3-6) intoF(3-6) 

Bank switching control 














or 


















(M07FF+)(MEMAC-)(FCYLFtf 


128-J2 


















(TLATE+XGEN0P-) 










EMFTL- 


128-K3 


F 


TLATE 


L 


See EMFTL4- 


127-G4 


127-L9 


Generate EMSLL+ 




EX5TL4- 


128-K5 


F 


TLATE 


L 


(F01CY+)(TLATE+)(M02FF+) 


I28-G6 


101--116-A5 


Enable X-register to 

adder 














(GEN0P-)(MEMAC-) 


















(M03FF+ or M04FF+ or 




















M05FF- or M06FF+) 










EMSHL+ 


127-L8 


r 


TLATE 


L 


(M07FF-)(MEMAC-)(FCYLF+) 
(TLATE+)(GEN0P-) 


127-G4 


101--107-A8 


Enable M(l-7) to adder 


! 


EMSLL-F 


127-L9 


F 


TLATE 


L 


(EMFTL-) 


128-K3 


108--116-A8 


Enable M(8-16) to adder 




ENSHL+ 


127-L7 


F 


TLATE 


L 


(M07FF-)(MEMAC-)(FCYLF4) 
(TLATE+)(GEN0P-) 


127-G4 


101--107-A9 


Enable M-( 1-7) to adder 




EYSHL+ 


128-K3 


F 


TLATE 


L 


(FCYLF+)(TLATE+)(GENOP+) 


128-J3 


101--107-A11 


Enable Y-register (1-7) 
to adder 














(MEMAC-)(M07FF+) 








CLDTR- 


125-J5 


F 


TL3 


R 


(ANA0P-MTL3FF+MMCRST+) 


125-A6J 


101--116-E7 


Clear D-register to 














or 




ONEs 














(ACYLF-)(TL3FF+)(MCRST+) 


125-D5) 






■ 


GSBTS-t- 


125-L4 


F 


TL3 


S 


(10GRP-)(TL3FF+) 


125-D6 


101-116-D4- 

D8 


Enable adder sum to 
D-register 




CLYTR- 


I29-J3 


F 


TL4 


R 


(ACYLF-)(TL4FF+) 


129-Al/ 


101--116-L11 


Clear Y-register 














(MCRST+) 


D3 




] 


EDYTS+ 


I29-LI 


F 


TL4 


S 


(ACYNX-)(MCSET+)(TL4FF+) 

(BRREQ-)(P1SEX+) 


129-H1 


101--116-G10 


Enable D-register into 








p: 


"f l '. 


: 


] : ^ ,. 


. 




Y-register 



2-5 



T2 



T2 
& 
T3 

(RATE) 



T3 



T4 



ENTER FROM F- CYCLE OR PREVIOUS 
l-CYCLE OR E01 AND BREAK REQUEST 



! CYEF+ 



- (M) 



c 



CLMTR- 



8REAK? 



STROBE 



3 



YES 



NO 



77 - (SC) 



y m) 



<_ 



El CIS- 



NO f \ YES 

INTERRUPT? 



12 -» (F) 



SETF5»,BR1CY- 



[EA] - (M) 



NO 



■C 



MMnnE- 



INDEXING? 

(M02 -- 1 ) 



y 



YES 



(M) - ADDER 



EMSHL+ # EMSLL+ 



V % - (D) 
ADDER -* (D) 



CLDTR- 
ESBIS+ 



YES 


r 






) 


1 


IRS AND BKCAK .' < 






< 


NO 
r 


R 

S 


- (Y) 
(D) - (Y) 








' 








1 





CLYTR- 
EDYTS+ 



<_ 



YES f INDIRECT ADDRESS 

(M01 = 1 ) 



C 



) 



NO 



JMP 



REMAIN IN 
S-CYCLE 



> 



YES 



NO 



A-CYCLE 



(M) - ADDER 
(X) - ADDER 



o MP) 

(D) * (P) 



F- CYCLE 



> 



(JST) 



10 ~ (F) 



CLRF5-, 

BR1CY- 



EMSHL+,EMSLL+ 

EXSTL4 



CLPTR- 

EDPTS+ 



STANDARD f -CYCLE 
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Standard 1- Cycle With Breaks 

)* »• j .«■••:. i- u£.'-'.c:.. ' 

OP Code: Type: 

Description: 



~i r 

-X L. 



Function 



EMSHL+ 
EMSLL-f 
E1K17- 



€LRF5-f 

SETF5- 

BR1CY- 

CLMTR- 
E1CTS- 

MMnnE - 

EXSTL+. 

CLDTR- 

ESDTS+ 

MEMC1 + 
CLPTR- 

CLYTR- 
EDPTS-f 
EDYTS+ 

E1YLS+ 



Origin 



127-L8 

I27-L10 

127-L4 

134-F6 

134»H5 1 
I34»C6 



12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/isec): 



Cyc 



128-K8 
125-J3 



153/160 
128-K5 
125»J5 



Tim 



XLATE 



TL1 



TLI 



TL1 



TLI 
TLI 



Clk 



125-L4 


i 


126-H11 


I. 


129-J10 


1 


129-J3 


i 


I29-L< 


1 


129-L1 


i 


129-L6 


1 



TLATE 

TL3 

TX3 

TL4 
TL4 

TL4 
TL4 
TL4 

TL4 



R 

S 



L 
R 



Boolean. Expression 



(1CYEF-) 

(1CYEF-) 
(TLATE-) 



[(SEXRQ-)V(1G063-)]A 
[(.1AD61-)(BREAK+) 
(1CYEF+)(TL,1FF+)] 

[(SEXRQ+)(1G063+)V 

(IAD61+)]A[{BREAK+) 
(1CYEF+)(1 L FF+)] 

(BREAK+)( ICYEF+)(TL1FF+) 



(MCRST-»)(ACYEF-)(THFF+) 
(BR1CY+)(MCSET+)(AZZZZ 



(SWnnA+)(STRBl+) 

(1CYLF+)(F01CY+KTLATE+) 
(M02FF+)(GEN0P-)(MEMAC-J 

(ACYLF-)(TL3FF+)(MCRST+) 
(TL3FF+)(10GRP-)(MCSET+) 



(10GRP-)(SPM0D-)(TL4FF+) 

(0PGJS+HE0INS+KTL4FF+) 
IMCRST-B 

IACYNX-)(TL4FF+)(MCRST+) 

(0PGJS+)(E01NS+)(TL4FF-tf 

(MCSET+) 

[(MCSET-f)(TL4FF+) 
(ACYNX-)] A[ (BRREQ-)V 
(DCYXX-)(E01NS-)] 

( TL4FF+)(BRREQ+) A 

[(DCYXX-)(E01NS-)] - A 

(MCSET+) 



Origin 



I27-L8 
127-L9 
127-J6 



134-C5/ 

E7 



134-X5 

134-C6 

128-K8 
125-H8 

153/160 

I28-J5 

125-D5 

125-Dfe 

126-F11 
12-9-D9 

129-D3/ 

H3 

129-D9 

129-Hl/ 
H2 

125-D5/ 

H6 



Destination. 



'Y-register changed except when [(F01CY+)(BREAK+)(1RS0P+)] is TRUE 



101--107-A8 
108- -.11 6- A9 

116-D7/D8 



134-E4 
120-C3 



120-C4 
120-B1-B8 

101--116-H9 

126-F5 

126-D8 
121-X8 

101— 116-H8 
101--116-A6 
101--116-F7 

101--116-D5- 

D9 

150-D1 
101--116-H10 

101--116-L11 
101--116-G11 
101--116-G10 

110-.-116-K10 



Operation Description 



Enable M(l-7) to adder 

Enable M(8»16) to adder 
Force carry to adder 



Reset PERM! FF 
Clear F-register bit 5 

Set F-register bit 5. 



Force F-register to 
JST0P- or 1RS0P- 
depending on F05 

Clear M-register 

Generate RPTT2+ (Don't 

care) 

Set WR1NH FF 

Set shift counter to 77 
o 

Memory data set into 
M-register 

Enable X~register to 
adder 

Clear D-register to 

ONEs 

Enable adder sum to 
D-register 

Enable set RCYF1+ 

Clear Reregister 

Clear Y-register* 

Enable D-register into 
P-register 

Enable D-register into 
Y-register* 

Enable 1YB(10-16) into 
Y(10-16) 



2-7 



ENTER A-CYCLE FROM INSTRUCTION WOID 
FETCH OR LAST INDIRECT ADDIESS CYCLE 



T! 



12 



ACYEF+ 



*.(M) 



12 
& 
13 

(TLATE) 



¥3 



14 



STROBE 



[EA] ..(M) 



CLMTR- 



MMnnE- 



(A) -ADDEt 

<M)|. 7 -ADDER 

(M) 8 ^ 6 ..ADDS 



l'f (D) 

ADDER - (D) 



EASTL+ 

EMSHL+ 

EMSLL+ 



CLDTR- 

ESDTSf 



* (A) 
0»l-8 - <*>l-8 



C 



ClATR- 

EDAHS* 
EDALSf 



OVERFLOW? 
D00 / D01 



> 



NO 



CLEAR C-BIT 



YES 



set C-BIT 



- (Y) 
« - (Y) 
DEVELOP START MEAAORY LEVEL 
ST F-CYCLE ENTIY F-F 



ciytr- 

EPYTS* 
MEMC1+ 

FCYEF* 



NEXT INSTRUCTION 

FITCH CYCLE 



ADD 

2 CYCLES 

OP CODE 06 



2»3 







Instruction: Add (ADD) 

OP Code: 06 XlEfr MR, 

OVF - (C) 



2 cycles 



~h M _v /j _ j p£ ^ ^J^TXL;iJ^I./ 



-L. 



12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (pesec): 'l. 92 



Signal 



Origin 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Operation Description 



CLMTR- 
MMnnE - 

EA8TL+ 

EMSHL4- 

EMSLL-f 

CLDTR- 

ESDTS+ 

CLATR- 
EDAHS+ 

EDALS* 

CB1TF+ 
CBiTF- 
CLYTR- 
EPYTS+ 

MEMC1+ 

RCYFI+ 



I28-K3 
153/160 

127-L1 

127-L8 
127-L10 

125-J5 

125-L4 

122-H7 
122-L1 

122-L2 

124-L2 
124-L1 

129-J3 
129-L5 

126-J11 

150-D1 



TL1 



TLATE 
TLATE 



A TLATE 



TL3 
TL3 

TL4 

TL4 

TL4 

TL4 
TL4 
TL4 
TL4 

TL4 

TL4 



L 

L 
L 



R 

S 



L 
L 

R 

S 

L 

S 



| MCRST+)(H0LDM-)( T L 1 FF+) 
(SWnnA+)(STRBI+) 

(ADD0P+)(ACYLF^ 
(TLATE+) 

(ACYLF+)(TLATE+)(SUBOP-) 

(0PGAA+) ' 

(ACYLF+)(TLATE+)(SUBOP-) 

(0PGAA+) 

(ANA0P-)(TL3FF+) 

(10GRP-)(TL3FF+) 

(ACYLF+){0PGAA+)(TL4FF+) 
(ACYLF+)(0PGAA+)(TL4FF+) 

(ACYLF+)(0PGAA+)(TL4FF+) 

fADD0P+)(D00 = DO!) 
fADDOP+KDOO^ D01) 
(SCZRC+)(TL4FF+)(MCRST+) 
(P1SEX-)(E01NS+)(0PGJS-) 

( T L4PP+K S PM 0D -)( TLA FF -) 
(MCSET+)(MEMC1+)(RCYF1-) 



128-K8 

153/160 

127-Al/ 

CI 

127-G8 
127-G8- 

125-B6 

125-D7 

122-D3 
I22-D3 

I22-D3 

124-A4 
124-A5 
129-A1 

129-D4/ 

H4 

126-F11/ 

HI1 

150-C2 



101--116-H9 
101--116-H8 

101--116-A5 

101--107-A8 

108— 116-A8 

101— 116-E7 

101--116-D4- 

D8 

101--116-H5 
101--108-G7 

109--116-G7 

124-L2 
124-L1 
10I--116-G7 
101--116-K11 

150-C1 

150-D1 



Clear M-register 

Memory data set into 
M-register 

Enable A -register to 
adder 

Enable. M- register (1-7) 
to adder 

Enable M(8-16) to adder 



Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

Clear A-registe? 

Enable D-register to 
A(l-8) 

Enable D-register t© 
A(9-16) 

Set CB1TF 

Reset CB1TF 

Clear Y-register 

Enable P- register to 

Y-register 

Enable set RCYF1 + 
Start memory cycle 



2-9 





ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDIESS CYCLE 


ACYEF+ 


















u 






T1 


R 
S 

S 
L 


- (M) 

l's - (D) 

(A) - ADDER 
ADDER - (D) 


CLMTR- 
CLDTR- 

EASTL-f, El K 17- 
ESDTS+ 




















w 






T2 


STROBE 


IMU(M) 


MMinE- 
















T2 




1? 






-& 

T3 


L 
L 


(M) N; -- .->ODER 

(M) 8 _ 1& - ADDER 


EMSHL- 
EM5LL- 




(TLATE) 
















_ ] 


r 






T3 


S 


ADDER - (D) 


ESDTS* 






















? 






T4 


R 
S 

s 
s 

L 
L 


- (A), - (Y) 

<P>9-16 - W9-I6 

(P) -* (Y) 

develop start memory level 
sot ■'■■.•'; :le entry f-f 


CLATR-, CLYTR- 

EDAHSf 

EDALSf 

EPYTSf 

MEMC1 + 

FCYEF+ 





T 



NEXT INSliUCTlON 
FETCH CYCLE 



ANA 

2 CYCLES 
OP CODE 03 



2-10 



Instruction; Logical AND (ANA) 

OP Code: 03 Type: MR, 2 cycles 

Description : (A)A[EA] -* (A) 








'i 






















r~*-. — ,/ 


'\ 




F 




EMU 


A 


a; 


A 


.4 


1 A 


,'a 


A 


A 


A 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (ptsec): 1„92 



Signal . 


Origin 


Cye 


Tim 


Clk 


■Signal Component 


Origin 


Destination 


Operation Description 


E1K17 + 


127-J6 


A 


TLI 


L 


(TLATE-J 


127-J6 


116-D7/D9 


Force carry-in to bit 16 


CLMTR- 


128-K8 


A 


TLI 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


125-J5 


A 


TLI 


R 


(ACYEF+)(TL1FF+)(JST0P-) 
(1RS0P-H1MA0P-) 


125-D4 


101--116-E7 


Clear B»register to 
ONEs 


EASTL+ 


127-L1 


A 


TLI 


L 


(ACYEF+)(TLATE-)(CASOP-) 
(LSX0P-)(10GRP-) 


127-G10 


101--116-A5 


Enable A-register to 
adder 


ESDTS-t- 


125-L4 


A 


TLI 


S 


(ACYEF+)(TL1FF+)(JST0P-) 


125-D4 


101--116-D4/ 


Enable adder to D-regis- 
ter 












(1RS0P-)(IMA0P-) 




D6/D8 


MMnnE - 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


EMSHL+ 


127-L8 


A 


TLATE 


L 


(ACYLF-H(TLATE+)(SUBOP-) 

(0PGAA+) 


127-G8 


101--107-A8 


Enable M(l-7) to adder 


EMSLL+ 


127-L10 


A 


TLATE 


L 


(ACYLF+)(TLATE+)(SUBOP-) 

(0PGAA+) 


127-C 


108— 116-A8 


Enable M(8-16) to adder 


ESDTS+ 


125-L4 


A 


TL3 


S 


(TL3FF+)( 10GRP-)(MCSET+) 


125-D7/ 

H4 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLATR- 


122-H7 


A 


TL4 


R 


(ACYLF+)(TL4FF+)(0PGAA+) 
(1MA0P-) 


122-D2 


101--116-H5 


Clear A -register 


EDAHS+ 


122-L1 


A 


TL4 


S 


(ACYLF+)(TL4FF+)(0PGAA+) 
(1MA0P-) 


122-D2 


101--108-G7 


Enable D-register to 
A(l-8) 


EDALS-f 


122-L2 


A. 


TL4 


S 


(ACYLF+}{TL4FF+H0PGAA+) 
(1MA0P-) 


122-D2 


109--116-G7 


Enable D-register to 
A(9-16) 


CLYTR- 


129-J3 


A 


TL4 


R 


(SCZR0-) 


129-A1 


101--116-G7 


Clear Y-register 


EPYTS-f 


129-L5 


A 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 

(0PGJ8-) 


129-D4 


101--116-K11 


Enable P- register to 
Y-register 


MEMCI+ 


126-J11 


A 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-Fll/ 
Hll 


150-C1 


Enable set RCYFi-f 


RCYFl-f 


150-D1 


A 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


I50-D1 


Start memory cycle 



2-11 



T2 



12 
& 
T3 



CRATE) 

L 
L 

L 



T3 



T4 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



EICT5-* 



© - (M) 



STROBE 



[EA] - (M) 



yes/ 8 



CLMTR- 



MMnrsE- 



A01 = M01 ? 
(CASAM-.) 



"yNO_ 



(A) + (M)- + 1 -(D) VIA ADDER 



(A) - ADDER 
(M}| ra7 - ADDER 

5 8-1 6 



EASILY 
ENSHL+ 
ENSLL+, E1K17- 



(A) - (D) VIA ADDER 



(A) * ADDEI 



1'. - (D) 

ADDER - (D) 



-<Y) 

(D) - (Y) 



C 



CLDTR- 
ESDTS+ 



CLYTR- 

EDYTS+ 



A01 = M01 ? 

(CASAM-) 






^NO 



YES 



(D) = 0? 
(DG0NE-) 



3 



NO , 



YES 



C 



D01 = 1 ? 



YES 



(A) - [EA] V (A)< [EA] 



1 - AZZZ.Z Ff 
CSC) 4- 1 _(SC) 



SETAZ+ 
! NCSC+ 



(A) (TO SHEET 2) 



EASTL+ 



SC^ 



(A) > [EA] 



(TO SHEET 2) 



(A) (FROM SHEET!) 



@ (FROM SHEET!) 



yes/ *"" 



Y0! = 1 ? 



J 



NO 



(A) < [EA] 



(A) = 



(P) + 2 -ADDER 



T2 



T3 



T4 



EFSLL+, G16DJ-, L 

E1K17- 



(p) + 1 * ADDER 



EPSLL+, 



(SC - 0) 



1V-(D) 
ADDER -(D) 



CLDTR- 

ESDTS^ 



-(P) 
(D) * (P) 



CLPTR- 

EDPTS4- 



- (Y) 

(P) - (Y) 

DEVELOP START MEMORY LEVEL 
SET F-CYCtE ENTRY F-F 



NEXT INSTRUCTION 
FETCH CYCLE 



ClYTR- 
EPYTS-s- 
MEMC1* 
FCYEF4- 



CAS 

3 CYCLES 
OPCODE 1! 
(SHEET 2) 



CAS 

3 CYCLES 

OP CODE 11 

(SHEET 1) 



2-12 



ins if uction: Compare (CAS) 
OP Code: 11 Type 



F | - 



* ■' ■ : • EHZ : "," \- i '' : :'-X2EI2l 



Description: If: (A) > [ 
(A) - [ 
(A) < [ 


e;a 

EA" 

ea; 


12 3 4 

~ No operation 

= Skip next instruction 
= Skip two instructions 


5 6 7 8 9 10 11 
Execution Time (pjsec): 2 


12 13 14 15 16 
.88 




Signal 


Origin. 


Cyc 


Tim 


Clk 


. Signal Component 


Origin 


Destination 


Operation Description 




CASAM- 
ACYEF+ 
E1CTS- 


126-L4 
119-F4 
125-J8 


F 
F 


TL4 
TL4 


L 
S 


(CASOP+IAR AQIFF-MM01FF-) 
V(A01FF+)(M01FF+)] 

(TL4FF+)(E01NS-)(F01CY+) 
[(M01FF-) at 119-B5] 

(FCYLF+KTL4FF+K0PG3C+) 


126-L4 
119-D5 

125-A7 


125-B11 
119-H3 

121-A8 


M01 = A01 

Set A -cycle 

ONEs to shift counter 




CLMTR- 


128-K8 


A 


TLl 


R 


(MCRST+HHGLDM-MTL1FF+) 


128-K8 


101--116-H9 


Clear M»register 




MMnnE - 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 

M-register 




EASTL+ 


127-L1 


A 


TLATE 


L 


(ACYLF4)(TLATE+)(CAS0P-)- 


.127-C1 


101--U6-A5 


Enable A-register to 
adder 




ENSHL+ 


127-L7 


A 


TLATE 


L 


(ACYLF+)(TLATE4)(0PGNS+) 
(1RS0P-) 


127-C11 


101--107-A9 


Enable M-(l-7) to adder 




ENSLL+ 


127-L5 


A 


TLATE 


L 


|ACYLF+HTLATE+)(OPGNS+) 
(1RS0P-) . 


127-C11 


108--116-A9 


Enable M- (8- 1 6) to adder 




E1K17- 

CLDTR- 


127-L4 
125-J5 


A 
A 


TLATE 
TL3 


L 
R 


(CAS0P+)(ACYLF+) 
(ANA0P-)(TL3FF+)(MCRST+) 


127-E7/ 

J5 

125-B6 


116-D7-D9 
101--116-F7 


Force' carry to adder 




ficV o 


ONE s" to D-register 




ESDTS+ 


125-L4 


A 


TL3 


. S 


(TL3FF+)(10GRP-)(MCSET+) 


125-D6 


101 — 116-D4- 
D8 


Enable adder sum to 
D-register 




CLYTR- 


129-J3 


A 


TL4 


R 


(CAS0P-H(TL4FF+)(MCRST-H 

IMCRST+) 


129-Al/ 
D3 


101--116-LU 


Clear Y-register 




EDYTS+ 


129-L1 


A 


TL4 


S 


(BRREQ-)(E01NS-)(CAS0P4) 
(MCSET+)(TL4FF+) 


129-B1/ 

D4/H1 


101--116-G10 


Enable D-register to 
Y-register 




BGQNE- 


126-B9 








(D01FF-)' through (D16FF-) 


. 126-B9 


125-D11 


D-register equals 
ZERO 




SETAZ+ 


125-J9 


A 


TL4 


L 


(ACYLF+)(TL4FF+)(CAS0P+) 

A(DG0NE+)V(D01FF+) 


125-DUV 
125-B11 


125-L10 


Set AZZZZ F-F 




IHCSC+ 


126-L3 


A 


TL4 


' L 


(ACYLF+KTL4FF+) * 


126-H4 


121-A5 


Increment shift counter" 




G16DJ- 


116-A2 


A 


TLl 


L 


(TLATE-)(ACYEF*)(CAS0P4) 

IY0IFF+) 


116- A2 


116-D7 - 

117-B5 


If (A) < [EA] force 

additional carry to adder 




BPSLL+ 


128-H4 


A 


TLl 


L 


(CAS0P4|(TLATE-) 


I28-D4 


101 — 116-A10 


Enable P-register to 

adder 
Force carry to adder 

Clear D-register to 
ONEs 




E1K17- 
CLDTR- 


127-L4 
125-D4 


A 
A 


TEaTF 
TLl 


L 
R 


(TLATE-) 

(ACYEF+)(TL1FF+)(JST0P-) 
( 1RS0P-M 1MA0P-)(MCRST+) 


127-J6 
125-D4 


116»D7-»D9 
101--116-E7 




ESDTS+ 


125-L4 


A 


TLl 


S 


(ACYEF+)(TL1FF+)(JST0P-) 
( 1RS0P-H 1MA0P-)(MCSET+) 


125-L4 


101--116-D4- 

D8 


Enable adder sum to 
D-register 




CLPTR- 

EDPTS+ 


I29-J10. 

129-L9 


A 
A 


TL2 
TL2 


R 
S 


(ACYEF+HTL2FF4-HCAS0P-B 
(AZZZZ+HMCRST+) 

(ACYEF+)(TL2FF+)(CAS0P+) 
(AZZZZ+)(MCSET+) 


129-D10 

129-D10 


101--116-H10 
101— 116-G11 


Clear P-register 




|sc = o 




Enable D-register to 
P-register 




CLYTR*- 


129-J3 


A 


TL4 


R 


(CAS0P+)(TL4FF+)(MCRST+) 


129-Al/ 
Dl 


101 — 116-L11 


Clear Y-register 




EPYTS+ 


129-L4 


A 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 
(0PGJS-)(MCSET+) 


129-D4 


101--116-K11 


Enable P-register to 
Y-register 




MEMC1+ 


126-J11 


A 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Hll 


150-C1 


Enable set RCYFl-H 




RCYF1+ 


150-D1 


A 


TL4 


S 


(MCSET+MMEMCl+MRCYFl-) 


150-C2 


150-D1 


Start memory cycle 




*(SC) = 1 

I 


from pr€ 
I 


vious 

I 


F-cycle 

I 




- 











2-13 







ENTER A-CYCIE FROM INSTRUCTION! WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 


ACYEF+ 

CIMTR- 
MA^nnE- 










_ _ - 






T1 
12 




^ 1 


i 






R 


«(M) 










H 








STROBE 


[EA] ^(M) 











-_. .... . _ ...v- „... 








T2 

& 
T3 

(TLATE) 




EASTL- 

JAMKN- 

EM'SHL- 

EMSLL- 

CLDTR- 
ESDTS+ 






L 

L 
L 

L 


(A) -. ^DDER 

JAM CARRY NETWORK 

(M) 1-7 . - ADDER 

(M) 8 _ 16 - ADDER 










«... -_. -..-... _5 


' 








T3 








ft 
S 


ADPEI • (D) 




















T4 




^ 


r 




CLATR-, CLYTR- 
EDAHS+ 
EDALSf 
EPYTS+ 
MEMC1 + 






R 

S 

s 
s 

L 

L 


_ (A), ^ «Y) 

< D >1~8 - ^1-8 
fl>) 9 . 16 - (A) 9 . 16 

(P) - (Y) 

DEVELOP START MEMORY LEVEL 

SET P-CYCIE ENTRY F-F 







NIXT INSTRUCTION 
FITCH CYCLE 



ERA 

2 CYCLE 

OP CODE 05 



2-14 



l£Si£H£M2£ : Exclusive OR (ERA) 

9IL92^1 : 05 IlP£ : MR, 2 cycle 






nr— r 



r t * .^- i - '_^J I ' l a_ __a__; _A_J_A__A ; a__; A 



t— -~r 



-7— "T 



1 2 3 4 5 6 7 8 9 10 11 12 13 
Execution Time (ptsec): 1,92 



14 15 16 



Signal 


.Origin 


Cyc 


Tim 


■Clk 


Signal Component 


Origin 


Destination 


Operation Description 


CLMTR- 


128-K8 


A 


TL1 


R 


( MCRST+) (HOLDM -)( T L1FF+) 


128-K8 


101— H6-H9 


Clear M-register 


M.MnnE - 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M~ register 


EASTL/f 


127-L1 


A 


TLATE 


h 


IERA0P+KTLATE+) 
(ACYLF+) 


127-B1 


101--116-A5 


Enable A-register to 
adder 


JAMKN- 


I27-J3 


A 


TLATE 


L 


(ACYEF+)(ERA0P+) 


127-C3 


101--117-C8 


Jam carry network 


EMSHL+' 


.127-L8 ' 


A 


TLATE" 


■ L* . 


(A'CYLF+)(T.LATE+) : (SUBOP-) 
(0PGAA+) 


127-G8' 


101--10T-A8 


Enable M(l-7) to adder 


EMSLL+ 


127 -L 10 


A 


TLATE 


T 


(ACYLF+)(TLATE+)(SUBOP-) 

(0PGAA+) 


127-G8 


108--116-A8 


Enable M(8-l6) to adder 


CLDTR- 


125-J5 


A 


TL3 


R 


(ANA0P-)(TL3FF+)(MCRST+) 


125-A6 


101--116-E7 


Clear D-register to 
ONEs 


BSDTS+ 


.125- L4- 


.A 


TL3 


■ S 


(TL3FF+)(10GRP-)(MCSET+) 


. 125-D6 


..101--116-D4- 

■ D8 


Enable adder sum to 
D-register 


CLATR- 


122-.H7 


A 


TL4 


R 


(ACYLF+)(TL4FF+)(0PGAA+) 
(1MA0P-) 


122-D2 


■ 101--116-H5 


Clear A-register 


EDAHS+ 


12.2-Ll 


A 


TL4' 


S 


(ACYLF+)(TL4FF+)(0PGAA+) 

(1MA0P-) 


122-D2 


.101--108-G7 


Enable D»register to 
A-register ( 1-8) 


EDALS+ 


i22.-L.2- 


A 


TL4 


■ s 


(ACYLF+)(TL4FF+)(0PGAA+) 

(1MA0P-) 


, 122-D2 


109— 11-6-G7 


Enable D-register.to. 
A(9-16) 


CLYT 


129-J3 ' 


A 


TL4 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


129-A1 


101--116-G7 


Clear -Y»register 


EPYTS+ 


I2-9-L5; 


A 


TL4 ' . 


\ S 


(P1SEX-)(E01NS+)(TL4FF+) 
(■0POJS-.) .-■ 


129-D4 


i0.l--ll6-K.il. 


'Enable P-register to 
Y-register- 


MEMC1+ 


126- Ji I 


A ' 


TL4 


L 


(TL,4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Hll 


: 150- CI 


Enable set RCYF1+ 


RCYF1-+ 


150-01 


A . 


T..L.4 


- S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


,150-Dl 


Start memory cycle 



'2-1-5 







ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE, 






JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY 


E1CTS- ^ 




T1 






f 






R 


- (M) 


CLMTR- 
















T2 






? 






STROBE 


[EA] - (M) 


MMnnE- 
















T2&T3 
(TIATE+) 




1 


7 






L 


(M) -.ADDER 


EMSHL- 
EMSLL- 


SC^ o 
















T3 




V 








R 
S 


Pi -.(D) 
ADDER -.(D) 


CLDTR™ 
ESDTS4- 


















T4 L(AND DURING 




«r 








L 
J SC = 0) 


START MEMORY 

ENABLE MEMORY WRITE 


MEMC1 + 
RCYF1 + 
(RRCXX+)- 
1 NCSC+ 












«J 






Tl 




i 


' 


«#! 




R 
L 
S 


... (M) 
(A)-* ADDER 
ADDER -(M) 


CLMTR- 
EASTL+ 
ESMTS*- 


















T2 






r 








R 

S 


0-(A) 
(D) ^(A) 










CLATR- 
EDAHS+, EDALS+ 


SC-G 
























T3* 




i 




■ 




























T4 




i 










R 

S 

s 

L 


0^(Y) 

(P)-*(Y) 

START MEMORY 

SET F-CYCtE ENTRY F-F 


CLYTR- 
EPYTS + 

MEMCl+ # RCYF1 + 
FCYEF+ 












«• 





NEXT INSTRUCTION 
FETCH CYCLE 



IMA 

3 CYCLES 

OPCODE 13 



2-16 



Instruction: Interchange memory and A (IMA) 
9ESS^± l i3 TYPg: MR, 3 cycle 

5££££.!£ii2E : (EA) ^ (A) 



"T" 



A ■ A A i A i A 



Signal 



Origin 



ACYEF-f 

E1CTS- 

CLMTI- 
MMnnE - 

EMSHL+ 
EMSLL+ 

CLDTR- 

ESDTS-f 

MEMCI+ 
1NCSC+' 
RCYFI + 
[A1A24-D] 

RRCXX» 

CLMTR- 

EASTL+ 

ESMTS+ 

CLATR- 

EBAHS-f 
EDALS+ 

CLYTR- 

FCYEF+ 

EPYTS+ 

MEMC1+ 
RCYFI+ 



5 6 7 8 9 10 11 
Execution Time (jisec): 



12 13 14 15 16 



2.1 



119-F4 

125-J8 

128-K8 
153/160 

127-LS 
127-L10 

125-J5 



Cyc 



125-L4 A 



126-J11 

126«-L3 
ISQ-Bi 
121-B5 

IZ6-L6 

128-K8 
127-L1 

128-H10 

122-J7 

122^L1 
122-LZ 

129-J3 

119-F10.' 

129-L5 

126-J11 
150-D1 



A 

A 
A 
A 

A* 
As* 

As 

As 

As 

As 

As 
As 

As 

As 

As 

As 
As 



TL4 
TL4 

TLATE 
TLATE 

TL3 

TL3 

TL4 
TL4 
TL4 

TL4 
TL3 

TL1 

TL1 

TL1 

TL2 

TJL2- 

TL2 

TL4 ■ 
TL4 

TL4 

TL4 
TL4 



Clk 



L 
S 
R 



E 

S 

L 
L 



L, 

R 
L 

S 

R 

S 
S 

R 

L 



S 



Signal Component 



Origin 



(TL4FF+)(E01NS-)(F01CY+) 
[(M01FF-) (®II9-B5} 

(FCYLF+HTL4FF+)(0PG3C+) : 

(MCRST+)(H0LDM-)(TL1FF+; 
(SWnnA+)(STRB 1+ ) 

{ACYLF+)(TLATE+)(SUBOP- 

(0PGAA+) 

(ANA0P-)(TL3FF+) 

(TL3FF+H-10GRP-) 

(MEMC1-) 
(ACYLF+)(TL4FF+) 
(MCSET+HMEMC 1+)(RCYF1-) 
{ 1NCSC+XSCZR0-)(MCSET+) 

(ACYEF+)(0PGWR+)(WR1NH-) 

(MCRST+)(H0LDM-)(TL1FF+) 

(ACYEF+)(TLATE-)(CASOP-) 
(LSX0P-)(10GRP-) 

(RRCXX-)(MAST0-)(0PGSM+) 
(TL1FF+)(MCSET+) 

(CLATL+KMGRST+)* 

"(E01NS+).(TL2FF+)(0PGAA+)1 
(0PGSM+) ■ J 

(TL4FF+)(ACY'NX-)* 

(Set:' (TL4FF+)(E01NSf)) 

(P1SEX-)(E01NS+)(TL4FF+) 
(0PGJS-) 

(MEMG1-) 

(MCSET+)(MEMC 1+)(RCYF1-) 



119-D5 

125-A7 

128-K8 
153/160 

127~G8 
127-G8 

125-A6 
125-D6 

126-G11 

126-H4 
150-C2 
121-A5 

126-F6 

128-K8 
127-J1 

128-F10 

122-H7 

122 -A4 
122- AH 

129-D3 

119-D10 

129-D4 

126-G11 

150-C2 



*0PG3C+ @ 120-F9 = ( 1MA0P-), etc. 

*A/TL4/L-As/TL3/L, = (ACYLF+)(TL4FF+)(SCZR0-)V(ACYEF+)(SCZR0+) 

*A/ = A-cycIe + SC # 0, As/ = A-cycle + SC = 

*(CLATX+) = (E01NS+)(TL2FF+)(OPGAA+)(OPGSM+) @ I22-A4 
*{ACYNX-) = ((ACYLF+)(LSX0P-)(CAS0P-)(SCZR0-))-@ 129-A1 



Destination 



119-H3 

121-A8 

101--116-H9 
101--116-H8 



101--108-A8 
109--H6-A8 

101--116-E7 



101--116- 

D4/D6/D8 

150-C1 

121-A5 

xxxx 

121-X6 

. 150-D6 

101--116-H9 
101--116-A5 

101--116-G9 

■101--116-H5 

101--108-G7 
'109--U6-G7 

101-.-116-.L11 

119-H9 

101--116-J11 

150-C1 

XXXX 



Operation Description 



Set A-cycle at next TL1 

Jam shift counter to 
ONEs 

Reset M-register 

Memory data set into 
M-register 

Enable M(l-8) to adder 
Enable M(9-16) to adder 

Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

Enable set RCYFl-h 

Enable step shift counter 

Start memory cycle 

Step shift counter to 
ZERO 

Block STRB1+ to enable 
memory write cycle 

Reset M-register 

Enable A -register to 
adder 

Enable adder RnnPA+ 
output into M-register 

R e s et A -register 

Enable D(l-8) into A( 1-8) 
Enable D(9-16) intoA(9-l6) 

Reset Y-register 

Enable set FCYLF+ at 
next TL1FF+ 

Enable P-register into 
Y-register 

Enable set RCYF1+ 

Start memory cycle 



2-1? 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
_ _ __ _ OR J^J? JJ^PJ?!?.^ DDRESSCYCLE 

"JAMSHIfF COUNTER TO ONE'S PRIOR TO ENTRY 



eicrs- 



- (M) 



CLMTR- 



T2 



STROBE 



[EA] -(M) 



MMnnE- 



T3 



(M) -ADDER 

FORCE CARRY TO ADDER 
I's - (D) 
ADDER - (D) 



EMSHL+, EMSLL+ 
E1K17- 

CLDTR- 
ESDTSf 



SC^ 



START MEMORY 
BLOCK STROBE 

INCREMENT SHIFT CTR 



MEMC1+/RCYF1+ 

(RRCXX-) 
1 NCSC+ 



T4 



(DG0NE+) 











M 


V 


(D) = 







J 


NO 
















YES 














< 


r 




SETAZ+ 












L 


SET AZZZZ F-F 














R 


J 












i r 


CLMTR- 








t 












T1 


- 


. (M) 




CLMTR- 


R 






•* (M) 


S 


(D) _ (M) 




EPMTS+ 


S 






(P)- * (M) 


EDMTSf 




• — — 




< 














1 


» 


T2 


l\r : ... 


/-T, . ' 










SC 


= 




ft 


1 


' 












1 


r 


CLDTR- 








1 B S - 


• (D) 




CLDTR- 


R 






I's - (D) 


T3 


L 

S 


<p)+l « 

ADDER - 


* ADDER 
> CD) 




EPSLL+, 
E1K17- 


L 
S 




(P) * ADDER 

ADDER - (D) 


EPSLL+ 
ESDTS+ 














ESDTS-4- 








_J 












1 


f 






CLPTR- 






— _ __ _ 




R 


-*(P) 












S 


(D) * (P) 






EDPTSi- 








14 








R 
S 


-(Y) 

(D) ~(Y) 






CLYTR- 
EDYTS4- 
















L 


DEVELOP START MEMORY LEVEL 




MEMC1+ 
















S 


SET F-CYCLE ENTRY F-F 




FCYEF-f 


















____. 














■ 


» 



















NEXT INSTRUCTION 
FETCH CYCLE 



IRS 

3 CYCLE 

OP CODE 1 2 



2-18 



instruct!© 


n: Increment, 
12 


Replace, and Skip (IRS) 




. •. ,."".">■.' 


™~ZZ^ 














I OP Code: 


F 


"J ; 


lISl] 


a|a 


! A 


*: 


x~y~A 


1 a ; a ; a 




De script! 


sn: [EA] + 1 - 


.[EA] 


12 3 4 


5 6 7 


8 9 


10 11 


12 13 14 15 16 














Execution Time fpsec): 2,88 




Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


De 


stination 


Ope r ation De s c r ipti on 




ACYEF+ 


119-F4 


F 


TL4 


L 


(TL4FF+)(E01NS-) 
(M01ML-)(FCYLF+) 


119-C5 


119 


-H3 


Set A -cycle F-F at next 
TL1 




E1CTS- 


125-J8 


F 


TL4 


S 


(FCYLF+)(TL4FF+K0PG3C+) 
(MCSET+)(AZZZZ-) 


125-A7/ 
H9 


121 


-A8 


Jam shift counter to 
ONEs 




CLMTR- 


128-K8 


A 


TL1 


R 


(MCRST+)(HOLDM-)(TLlFF-») 


128-K8 


101 


--116-H9 


Clear M-register 


I 


MMnnE- 


153/160 








(SWnnA+)(STRBl + ) 


153/160 


101 


— 116-H8 


Memory data set into 
M-register 


1 


EMSHL+ 


127-L8 


A 


TL3 


L 


(ACYEF+K 1R.S0P+)(SCZR0-) 


127-E9 


101 


--107-A8 


Enable M(l-7) to adder 




EMSLL+ 


127-L10 


A 


TL3 


L 


(ACYEF+)( 1RSOP+)(SCZR0-) 


127-E9 


108 


--116-A8 


Enable M(8-16) to adder 




E1K17- 


127-L4 


A 


TL3 


L 


(ACYEF+K 1RS0P+)(SCZR0-) 


127-L4 


116 


-D7-D9 


Force carry to adder 


i 


CLDTR- 


I25-J5 


A 


TL3 


R 


(ANA0P-)(TL3FF+) 


125-A6 


101 


--116-E7 


Clear D-register to 
ONEs 




ESDTS+ 


125-L4 


•A 


TL3 


S 


(TL3FF+)(10GRP-)(MCSET+) 


125-D7/ 

H4 


101- 

D8 


■-116-D4- 


Enable adder sum to 
D-register 




MEMO* 


126-J11 


A 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

' Hll 


150- 


Cl 


Enable set RCYF1 + 




1NCSC+ 


126-L3 


A 


TL4 


L 


(ACYLF+)(TL4FF+) 


I26-H4 


121- 


A5 


Increment shift counter 


| 


RCYF1+ 


150-D1 


A 


TL4 


S 


(MCSET+KMEMC i+)(RCYFl-) 


150-C2 


150- 


Dl 


Start maonory cycle 




A1A24-D 


121-B5 


A 


TL4 


S 


( 1NCSC+)(SCZR0»)(MCSET+) 


121-A5 


121- 


X6 


Step shift counter to 
ZERO 




RRCXX- 


126-L6 


A 


TL4 


L 


(ACYEF+)(0PGWR+)(WR1NH-) 


126-F6 


150- 


D6 


Block STRB1+ to enable 
memory write cycle 




DG0NE+ 


126-D9 


A 


TL4 


L 


(D01FF-) through (D18FF-) 


126-A9 


125- 


Dll 


D-register 1-16 equals 
ZERO 




SETAZ+ 


125-J10 


A 


TL4 


L 


(0PGNS+)(ACYLF+)(DG0NE+) 


125-D11 


125- 


J10 


Set AZZZZ+ F-F 




CLMTR- 


128-K8 


A 


TL1 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101- 


-116-H9 


Clear M-register 




EDMTS+ 


128-H11 


A 


TL1 


S 


(RRCXX-)(0PGSM-)(TL1FF+) 


128-F11 


101- 


-116-G8 


Enable D-register to 
M-register 




E1K17- 


127-L4 


A 


TL3 


L 


(ACYEF+K 1RSCP+)(AZZZZ+) 


127-E5 


116- 


D7-D9 


Force carry to adder 


1 


EPSLL+ 


128-H4 


A 


TL3 


L 


(E01NS+M1RS0P+) 


128-F4 


101- 


-116-A10 


Enable P-register to 
adder 




CLDTR- 


125-J5 


A 


TL3 


R 


(ANA0P-MTL3FF+HMCRST+) 


125-A6 


101- 


-116-E7 • 


Clear D-register to 
ONEs 


| 


ESDT5+ 


125-L4 


A 


TL3 


S 


(TL3FF+)(10GRP-)(MCSET+) 


125-D6 


101- 

B8 


-116-D4- 


Enable adder sum to 
D-register 




CLPTR- 


129-H10 


A 


TL4 


R 


(0PGJS+)(E01NS+)(TL4FF+) 


129-D9 


101- 


-116-H10 


Clear P«register 




EDPTS+ 


129-L9 


A 


TL4 


S 


(0PGJS+)(E01NS+)(TL4FF+) 


129-D9 


101- 


-116-C 


Enable D-register into 
P-register. 




CLYTR- 


I29-J3 


A 


TL4 


R 


(ACYNX-KTL4FF+KMCRST+) 


129-D3 


101- 


-116--L11 


Clear Y-register 




EDYTS+ 


129-L1 


A 


TL4 


S 


(MCSET+)(TL4FF+)(SCZR0-) 
(E01NS-)(0PGJS-) 


129-Hl 
H2 


101- 


-116-G10 


Enable D-register into 
Y-register 




MEMC1 + 


126-J11 


A 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-Fil/ 

Hll 


150-C1 


Enable set RCYF1+ 




RCYF1+ 


150-D1 


A 


TL4 


S 


(MCSET+)( MEMC 1+)(RCYF 1 -) 


150-C2 


150- 


Dl 


Start memory cycle 



2-19 





ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 


FCYEF+ 

CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 






















Tl 


R 

L 

S 


- (M), 1 6 s - (D) 

(P) + 1 - ADDER, - (F) 
ADDER - (D) 




(SEE NOTE) 


















u 




MMrtnE- 

CLPTR- 

EDPTS4- 

EMFTL+ 




T2 


STROBE 
R 
S 


[EA] * (M) 

- (P) 
(D) * (P) 










v 




— — — 




L 


(M>3_ 6 - (F) 3 _ 6 






12 
& 
T3 




If 







(A) (FROM SHEET 1) 



(TLATE) 



YES 



C^D 



YES/ ^ 
YES 



C 



SECTOR ZERO? 
(M07 =- 0) 



> 



NO 



INDEXING? 
(MG2 = 1) 



"" A NO 



NO 



(M) g 16 + (X) 1 16 -(D) VIA ADDER 

i , 

L (X) - ADDER |EXSTL+ 

L (M) 1-7 - ADDER EMSHL+ 

L (M) 8 ~16 -> ADDER EMSLL+ 

L (M)-, , - ADDER ENSHL+ 



1-7 




^8-16 



(D) 



1-7 



(D) 8 _ 16 VIA ADDER 



G^II} 



YES /^ 
YES ^" 



INDEXING? 
(M02 = l) 



) 



NO 



NO 



00,-7. ( M ) 8 -16 + < X) 1-16 -(D) VIA ADDER 
I 



(X) - ADDER 



"1-7 
(M)g. 16 - ADDER 

"1-7 



EMSHL+ 
EMSLL+ 
ENSHL+ 



T3 



EXSTL+ 
EYSHL+ 
EMSLL+ 



(Y) w# (M) 8ml6 ^(D) VIA ADDER 

. .... 



(Y)^ 7 - ADDER 
»8-16 



EYSHL+ 
EMSLL+ 



l's - (D) 

ADDER - (D) 



CtDIR- 
ESDTS+ 



(A) go SHEET 2) 



J MP 
1 CYCLE 

OP CODE 01 
(SHEET 1) 



YES 



STANDARD 
1 -CYCLE 



C 



(FROM MEMORY REFERENCE F-CYCLE 
OR I-CYCLE. Page 2-4 or 2-6) 



INDIRECT ADDRESS? 
(M01 =1) 



3 



NO ([EA] ISINY) 



- (Y) f - (P) 
(D) -(Y) 

(D) - (P) 

DEVELOP START MEMORY LEVEL 

SET F-CYCLE ENTRY F-F 



CLYTR-, ClPTil- 

EDYTS+ 
EDPTS+ 
MEMC1 + 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



IMP 

i CYCLE 
OP CODE 01 
(SHEET 2) 



2-20 



Instruction: Unconditional Jump (JMP) 

OP Code: 01 ZZ££ : MR » l cycle 

Description: EA -* (P) 



vypm^^M^ 



jAjj^iX^ A "ii ^,J... A ' A J..Jt, 



8 9 10 11 12 13 14 15 16 



2 3 4 5 6 7 

Execution Time (jzsec): 0. 96 



Signal 



Origin 



Cyc 



Tim 


Clk 


TLATE 


L 


TTaTO 


L 


TL1 


R 


TL1 


R 


TLi 


R 


TLI 


S 


TL2 


R 


TL2 


S 


TLATE 


L 


TLATE 


L 


TLATE 


L 


TLATE 


L 


TLATE 


L 


TLATE 


L 


TLATE 


L 


TL3 


R 


TL3 


S 


TL4 


R 


TL4 


R 


TL4 


S 


Tl ■. 


S 


TL4 


L 


TL4 


S 



Signal Component 



Origin 



Destination Operation Description 



EPSLL+ 

E1K17- 

CLMTR- 
CLDTR- 

CLFTL- 

ESDTS+ 

MMnnE- 

CLPTR- 
EDPTS+ 

EMFTL+ 

EMFTL- 

EXSTL+ 

EMSHL+ 
ENSHL+ 
EMSLL+ 

EYSHL-I- 

CLDTR- 

ESDTS+ 

CLYTR- 

CLPTR- 

EDPTS+ 

EDYTS+ 

MEMC1+ 

RCYF1+ 



128-H4 

127-L4 
12g-K8 
125-J5 

125-J7 



125^L4 F 
153/160 



129-J10 

129-L9 

128-K3 

128-K3 

128-K5 

127-L8 
127-L7 
127-L9 

128-K3 

125-J5 

125-L4 

129-J3 

129-J10 

129-L9 

129-L1 

126-J11 

150-D1 



F 

F 

F 
F 
F 

F 
F 
F 
F 

F 
F 
F 
F 
F 



(FCYEF+)(TLATE-) 128-F3 

(TLATE-) 127-J5 

(MCRST+)(H0LDM-)(TL1FF+) 128-K8 

(1CYEF-)(ACYEF-)(TL1FF+) 125-A5 

(MCRST+) 

(1CYEF-)(ACYEF-)(TL1FF+) IZ5-A5 
(MCRST+) 

(1CYEF-)(ACYEF-)(TL1FF+) 125-A5 

(MCSET+) 

(SWnnA+)(STRBl+) 153/160 

(EDPTL+)(MCRST-B* 129-H10 

(EDPTL+)(MCSET+) 129-H9 

[(M07FF+)V(M07FF-)}\ 127-G4 
[(FCYLF+)(TLATEh)(GEN0P-) 
(MEMAC-)] 

See EMFTL+ (M07FF+) 127-G4 ' 

(F01CY+)(MEMAC-)(M03FF-) 128-H6 
(GEN0P-)(MEMAC-)(M03FF+) 

(FCYS0-) 127.-G4 

(FCYS0-) 127-G4 

(FCYS0~) 127-G4 

(FCYLF+)(TLATE+)(GEN0P-) 128- J3 
(MEMAC- )(M07FF+) 

(ACYLF-)(TL3FF+)(MCRST-fl 125-D5 

(10GRP-)(TL3FF+)(MCSET+) 125-D6 

(ACYNX-)(TL4FF+)(MCRST+) 129-Al/ 

D3 

(0PGJS+)(E01NS+)(TL4FF+) 129-D9/ 

(MCRST+) H10 

(0PGJS+KE01NS+MTL4FF4) 129-D9/ 

CMCSET+) H9 

(ACYNX-)(MCSET+)(TL4FF4) 129-H1 
(BREQ-)(0PGJS-) 

(TL4FF+)(SPM0D-)(TLAFF-) 126-Fll/ 

Hll 

(MCSET+MMEMC1+MRCYF1-) 150^C2 



*See gate A1A44-F at 129-B7 for EDPTLf 



101 — 116-A10 

116-D7-D9 

101--116-H9 

101--116-E7 



120-B1 
121-A5 
125-L10 

101--116-D4- 

D8 

101--116-H8 



101--116-H10 
J01--116-G11 

120-A2 

127-L9 
101--116-A5 

101--107-A8 

101--107-A9 
108--116-A8 

101— 107-A1* 
101--116-E7 

101--116-D4- 

D8 

101— 116-L11 
101— 116-H10 
101—116-H11 
101— 116-G10 
150-C1 
150-D1 



Enable P«register to 

adder 

Force carry to adder 

Clear M»register 

Clear D -register to 
ONEs 

Clear F-register 
Clear shift counter 
Clear AZZ2Z F-F 

Enable adder sum, to 
D-register 

Memory data set into 
M-register 

Clear P-register 

Enable D-register into 
P-register 

Enable M(3-6) into F(3-6) 



Generate EMSHL+ and 
ENSHL+ 

Enable X-register to 
adder 

Enable M(l-7) to adder 

Enable M-( 1-7) to adder 

Enable M(8-16) to adder 

Enable Y(l-7) to- adder 

Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

Clear Y-register 

Clear P-register 

Enable D- register into 
P-register 

Enable D-register into 

Y-register 

Enable set RCYF1+ 
Start memory cycle 
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ENTER A-CYCLE FIOM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE. 


E1CTS- 






JAM SHIFT COUNTER \Q Ol IE S ' 'RIO . ENTRY 


^l 




Tl 






? 












R 


* (M) 


CLMTR- 


















T2 




,_ . __. .. ...J 


f 










STROBE 


[EA] * (M) 


MMnnE- 


















13 




_ _™__J 


... 










R 

L 
S 


1's - (D) 

(P) - ADDER 
ADDER * (D) 


CLDTR- 
EPSLL+ 
ESDTS+ 


SC^ 0, 




— ~ 


















T4 




_ - . 








L # S 
L 
S 


START MEMORY 
ENASIE MEMORY WRITE 
(SC) + 1 -*(SC) 


MEMC1+ RCYP1 + 
(RRCXX-) 

1 NCSC+ 














«# 




■Tl 

T2 




1 


' 




«& 






L 
S 


* (M) 
(D) - (M) 


CLMTR- 
EDMTS+ 










> 


— «— — - 


























sc = o 




- — - 


















T3 




1 






L 
L 
R 
S 


(Y)|„ 7 - ADDER 

(Y) 8 ^ 6 - ADDER 

l'i * (D) 

ADDER * (D) 


EYSHL+ 

EYSLL+, EIKI7- 
CLDTR- 
ESDTS+ 


















T4 




< 


p 








R 
S 

s 
s 


(D) - (P) 
(D) * (Y) 

SET P-CYCLE ENTRY F-F 


CLYTR-, CLPTR- 

EDPTS+ 

EDYTS4- 

FCYER- 





NEXT INSTRUCTION 

FETCH CYCLE 



(JST) 

3 CYCLES 

OP CODE 10 



NOTEj FLAG AND TAG BITS All PRESERVED BY H02Dj+ f 136-F6 
FOR EXTENDED ADDRESSING 
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Instruction: Jump and Store Location (JST) 
£JL£2£?£ : 10 Type : MR, 3 cycles 

Description: (PL ., -»[EA]- ., 
[EA] + 1 -(P) 



f i t yry^foyoy s 



A ( A | A 



a : A j A 



si 



1 2 3 



4 5 6 7 8 9 10 11 12 
Execution Time (/jsec): 2. 8 



13 



14 15 16 



Signal 



ACYEF+ 

E1CTS- 
CLMTR- 
MMnnE - 

CLDTR- 

EPSLL^ 

ESDTS+ 

MEMC1+ 
1NCSC+ 

A1A24-D 
RCYF1+ 

RRCXX- 

CLMTR- 
EDMTS+ 

EYSHL+ 
EY5LL+ 
E1K17- 

CLDTR- 

ESDTS+ 
CLYTR°» 
CLPTR- 
EDPTS+ 
EDYTS+ 

MEMC1+ 

RCYF1 + 



Origin 



119-F4 

125-J8 
128-K8 

153/160 

125-J5 
I28-H4 
125-L4 

126-J11 

126-L3 

121-B5 
150-D1 

126-L6 



Cyc 



Tim 



TL4 



TL4 
TL1 



TL3 

T.L3 

TL3 

TL4 
TL4 

TL4 
TL4 
T.L4 



Clk 



S 
R 



a 

L 

S 

L 
L 

S 
S 
L 



Signal Component 



(TL4FF+)(E01NS-)(F01CY+) 
[(M01FF-) at 119-B5] 

(FCYLF+)(TL4FF-f)(0PG3C+) 

(MCRST+)(H0LDM-)(TL1FF+) 

(SWnnA+)(STRBl+) 

(ANA0P~)(TL3FP+)(MCRST+) 

(ACYEF+)(JST0P+)(SCZR0-) 

(TL3FF+)(10GRP-)(MCSET+) 

(MEMC1-) , 
(ACYLF+HTL4FF+) 

{ 1NCSC+KSCZR0-KMCSET+) 

(MCSET+)(MEMC1+)(RCYF1-) 

(ACYEF+)(0PGWR+)(WR1NH-) 



Origin 



119-D5 

125-A7 
128-K8 
153/160 

125-A6 

128-F5 
125-D6 

126-G11 

126-H4 

121-A5 

150-C2 
126-F6 



Destination 



.119-H3 

121-A8 

101--116-H9 

101--116-H8 

101--116-E7 

101--116-A10 

101--116-D4- 

D8 

150-C1 
121-A5 

121-A5- 

150-D6 



Operation Description 



Set A -cycle at next TL1 

«s 
ONEs to shift counter 

Clear M-register 

Memory data set into 
M-register 

Clear D-register to 

ONEs C?£23 

Enable P-register 
to adder 

Enable adder sum to 
D-register 

Enable set RCYFI + 

Enable step shift 
counter 

Shift counter to ZEROS" 

Start memory cycle 

Block STRBI+ and 



I enable MWC* 
(See 1NCSC- for WR1NH- and JST0P- for 0PGWR+ at 126-D7 and 126-D6, respectively) 



128-K8 


A 


TL1 


128-Hli 


A 


TL1 


128-K3 


A 


TL3 


128-K2 


A 


TL3 


127-L4 


A 


TL3 


125-J5 


A 


TL3 


125-L4 


A 


T 


129-J3 


A 


TL4 


129-J10 


A 


TL4 


129-L9 


A- 


TL4 


129-L1 


A 


TL4 


126-J11 


A 


TL4 


150-D1 


A 


TL4 ■ 



R 
S 

L 

L 
L 

R 

S 
R 
R 
S 
8 

L 

S 



MWC = Memory write cycle 



(See CLMTR- above) 

(RRCXX-)(0PGSM-)(MAST0-) 

(TL1FF+){MCSET+) 

(ACYEF+)(JST0P+)(SCZR0+) 
(ACYEF+)(JST0P-tf(SCZR0+) 
(BY5LL-) 
(ANA0P-)(TL3FF-^(MCRS.T+) 

(TL3FF+)fI0GRP-KMCSET+) 

(ACYNX-)(TL4FF+)(MCRST-*) 

(0PGJS+)(E01NS+)(TL4FF+) 

(MCRST+) 

(0PGJS4)(E01NS+)(TL4FF+) 

(MCSET+) 

(ACYNX-)(MCSET+)(TL4FF-I) 

(BRREQ-)(0PGJS-) 
(TL4FF+)(SPM0D-)(TLAFF-) 

(MCSET-»)(MEMC1+)(RCYF1-) 



128-F11 

128-H2 
128-H2 
127-°J5 
125-A6 

125-D6 

129-Al/ 

D3 

129-D7/ 

H10 

129-D7/ 

H9 

129-H1 



126-F11/ 

All 

150^C2 



101--116-G8 

101--107-A11 
108--116-A11 
116-D7 
101--116-E7 



101- 
D3 



• 116-D4- 
101 — 116-L11 
101--116-H10 
101--116-H11 
101--116-G10 

150-C1 
150-D1 



Enable D-register into 
M-register 

Y(l-7) to adder 

Y(8-16) to adder 

Force carry to adder 

Clear D-register to 
ONEs 

Enable adder sum to 

D-register 

Clear Y-register 



SC = 



Clear P-register 

Enable D-register into 
P-register 

Enable D-register into 
Y~register 

Enable set RCYF1 + 
Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WOED FETCH 
OR LAST INDIRECT ADDRESS CYCLE 


















T1 




t> . . 








R 


vsAm 

- (M) 


CLDTR- 
CLMTR-* 


















T2 












STROBE 


■[EA]^(M) 


MMnnE- 










r 


____■__- .____-__—-_ 






T2 AND T3 
(TLATEf) 




< 






L 


(M) -ADDER 


' EMSHL+ 
EMSLL+ 














___ - __— _—_ — «.— 






T3 




V 








S 


ADDER - (D) 


ESDTSf 




— ■ 


— — 


1 


t? 


__._._.__.-__._,_.__-_--_-- 


-- 




R 
S 

L 


-,- (A), - (Y) 
(D) -(A), (P) AY) 

SET F-CYCLE ENTRY F-F 


ClATR-v CLYTR- 
EDAHS+ # EDALS*-, EPYTS+ 

FCYEF+ 








1 














' 





NEXT INSTRUCTION 
FETCH CYCLE 



LDA 

2 CYCLES 

OP CODE 02 
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Igstruction: Load A (LDA) 

OP Code : 02 Type : MR, 2 cycle 

Description: (EA) -* (A) 



~ _J , l . f ,S A L A L _A A_ L A L A A j A_ J _A 

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (psec):- 1. 92 



Signal 



ACYEF+ 

CLDTR- 

CLMTR- 
MMnnE - 

EMSHL+ 
EMSLL+ 

ESDTS+ 

CLATR- 

CLYTR- 

EDAHS+ 
EDALS+ 

EPYTS+ 

FCYEF+ 

MEMCI+ 
RCYF1 + 



Origin Cyc 



119-F4 

125-J6 

128-K8 
153/160 

127-L8 
127-L10 

125-L4 

122-J7 
129-J3 

122-L1 

122-L2 

129-L5 

119-F10 

126-J11 
150-D1 



Tim 



TL4 
TL1 
TL1 



TLATE 
TLATE 

TL3 



TL4 

ti;4 

TL4 
TL4 

TL4 

TL4 

TL4 
TL4 



Cik 



L 
R 

R 



R 
R 

S 

s 



L 
S 



Signal Component 



(TL4FF+)(E01NS-)(F01CY+) 
[(M01FF-) @11.9-B5] 

(ACYEF+)(TL1FF+)(JST0P-) 
(1RS0P-H1MA0P-) 

(MCRST+)(H0LDM+)(TL1FF+) 

(SWnnA+)(STRBl+) 



(ACYLF+)(TLATE+) 
(SUB0P-)(0PGAA+) 

(TL3FF+)(10GRP-) 



(CLATL+)(MCRST+)* 

(TL4FF+)(ACYNX-)** 

'{ACYLF+)(TL4FF+)1 
(0PGAA+)(IMA0P-)J 

(P1SEX-)(E01NS+)(TL4FF+) 

(0PGJS-) 

[Set: (TL4FF+)(E01NS+) 
(DMCRQ-KP1SEX-)] 

(MEMC1-) 

(MCSET+)(MEMC1+) 
(RCYF1-) 



Origin 



119-D5 

125-D4 

128-K8 
153/160 

127-G8 
127-G8 

125-D6 

122-H7 

I29-D3 

122-D3 
I22-D3 

129-D4 
119-D10 

126-G11 

150-C2 



Destination 



♦ (CLATL+) ! 
**(ACYNX-) i 



► I22-F7 = (ACYLF+)(TL4FF+)(0PGAA+)(1MA0P-) @ 122-D3 
H29-B1 = ((ACYLF+)(LSX0P-) (CAS0P-)(SCZR0-))» @ 129-A1 



119-H3 

.101--116-E7 

101--116-H9 
101--116-H8 

101--108-A8 
109--116-A8 

101--116- 

D4/D6/D8 

101--116-H5 

101 — 116-L11 

101--108-G7 
109--116-G7 

101--116-J11 

119-H10 

150-C1 

xxxx 



Operation Description 



Set A -cycle at next TJL1 

Clear D-register to 
ONEs 

Reset M-register 

Memory data set into 
M-register 

Enable M(l-7) to adder 
Enable M(8- 16) to adder 

Enable adder sum to 
D-register 

Reset A-register 

Reset Y-register 

Enable D(l-8) into A( 1-8] 

Enable D{9-l6)into A<9-16> 

Enable P-register into 
Y-register 

Enable set FCYLF+ at 
next TL1FF+ 

Enable set RCYF1+ 

Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 


E1CTS- 






JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY 


«#! 








L. 










T l 


R 


0-(M) 


CLMTR- 






















F 








T2 


STROBE 


[EA] - (M) 


MMnnE- 




















i 


[ t 










R 
S 


1'i. -(X) 


CLXTR- 
EMXTS+ 




T3 


SC^ 
























w 


MEMC1 + 


<4 

«3 




T4 


L 
L(AND DURING SC»0) 

S 
R 


STAl;:' ■ :/ORY 
ENABLE MEMORY WRITE 
(SC)+1-(SC) 

.-_.„ ilYL__ 


RCYF1 + 
(RRCXX-) 

■ 1NCSC+ 

CLYTR- 














____„„___ 








,,, , < 


' 






• Tl 


R 


■ 0-(M), l»s-*(D) 
(X)-* ADDER -(D) 


CLMTR-, CLDTR- 

• EXSTL+, ESDTSf 






















i 








T2 


R # S 


1 8 s -(X) # (M)*(X) 


CLXTR-, EMXTS+- 


^ SC-0 






;,„,„„ 1 


' 






— — 




R # S 


1's -(X),(M)-(X) 






















1 


r 








T4 


R 

S 

• L 

L 


_(Y) 

(P) - (Y) 

DEVELOP STAIT MEMOIY LEVEL 

SETF : E ENTRY F-F 


CLYTR- 
EPYTS+ 
MEMC1 + 

FCYEF+ 






















i 


r 






<m& 





NEXT INSTRUCTION 
FETCH CYCLE 



IPX 

3 CYCLES 
OP CODE 15 
(IW} 2 = 1 
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Instruction: Load Index Register (LDX) 

OP Code: 15 Type: MR, 3 cycle 

Description: |EA) -»X Note: Bit 2 of 1W must 

X— (0) beset 



FfT^^^^^^^TTryAyA" 



— x— -y— 
A j A t A 



,J_^L 



ACYEF+ 

EICTS- 

CLMTR- 
MMnnE- 

C'LXTR- 

EMXTS+ 

1NCSC- 
1NCSC+ 

MEMCI+ 
RCYF1+ 

RRCXX- 

CLYTR- 

EXSTL+ 

CLMTR- 
CLDTR- 

ESDTS+ 

ESMTS+ 

CLXTR- 

EMXT5+ 

CLYTR- 
FCYEF+ 

EPYTS+ 

MEMC1+ 
RCYF1+ 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (iisec)i 2.88 



Origin 
119-F4 

125-J8 

128-K8 
153/160 

128-F8 

12S-H7 

126-J3 
126-L3 

126-J11 

150-D1 
126-L6 

129-J3 

128-K5 

128-K8 
125-J5 

I25-L4 

128-H10 

128-F8 

128-H7 

I29-J3 
119-F10 

129»L5 

126-J11 
150-D1 



Cyc 

F 

F 
A 

A 

A 

A 
A 

A 
A 
A 



A 

A 

A 
A 

A 

A 

A 
A 



Tim. 
TL4 

TL4 

TLI 

TL3 

TL3 

TL4 
TL4 

TL4 

TL4 

** 

TJL4 

TLI 

TLI 
TL1 

TLI 

TLI 

TL3 

TL3 

T,L4 
TL4 

TL4 

TL4 
TL4 



Clk 
L 

5 

R 

R 

5 

.L 
L 

L 
S 
L 



R 
R 

S 

S 

R 

S 

E 
L 



L 

S 



Signal Component 



(TL4FF+)(E01NS-)(F01CY+) 
[(MO IFF-) @I19-B5] 

(FCYLF-»)(TL4FF+)(0PG3C+J* 

(MCRST+)(H0LDM-)(TL1FF+) 
(SWnnA+)(STRBl+) 

(ACYLF+HTL3FF+MLSX0P+) 

(ACYLF+j(TL3FF+)(LSX0P4) 

(ACYLF+)(TL4FF+) ' 
(1NCSC-) 

(MEMC1-) 
(MCSET+)(MEMC 1+)(RCYF1-) 
(ACYEF+)(0PGWR+)(WR1NH-) 

(ACYNX-)(TL4FF+) 

(ACYEF+)(TLATE-)(LSX0P+) 

(MCRST+)(H0LDM-)(TL1FF+) 

(ACYEF+)(TL1FF+XJST0P-) 
(1RS0P-)(IMA0P-) 

(ACYEF+)(TLIFF+)(JSTOP.) 
(1RS0P-)(1MA0P-) 

(RRCXX-)(MAST0-)(0PGSM+) 
(TL1FF+)(MCSET+)" 

ACYLF+lfTL3FF+}(LSX0P+) 

ACYLF+)'(tL3FF+)(LSX0P4) 

TJL4FF+)(ACYNX-)*** 
Set: (TL4FF+)(E01NS+) 

P1SEX-)(E01NS+)(TL4FF4) 

fOPGJS-) 

MEMO-) 
MCSET+)(MEMC1+)(RCYF1-) 



Origin 



*(0PG3C+) @lL0-r9 = (DPGLX-), etc, 
IDP0LX-) = (LSX0P*)(M02FF+) @I24-H11 

**See WR1NH Set and reset timing 



***(ACYNX-) = ((ACYLF+)(LSX0P-)(CAS0P-)(SCZR0-J) 

_™™L™^^ 1 I 



>129-A1 



119-D4 

125-A7 

128-K8 
153/160 

128-B9 

128-B9 

126-H4 

126-J3 

126-G11 

'150-C2 

126-F6 

129-D3 

128-H5 

128-K8 

125-D4 

125-D4 

128-F.10 

'-128-B9 

128-B9 

129-D3 
119-D1Q 

129-D4 

126-G11 

I50-C2 



Destination 



119-H3 

121-A8 

10i--ll6-H9 
101--116-H8 

101--116-L8 

101--116-J9 

126-D7 
121-A5 

150-C1 

XXXX 

150-D6 

101--116-L11 

101--116-A5 

101--116-H9 
101--I16-E7 

101--I16- 

D4/D6/D8 

101 — 116-G9 

101--116-L.8 

101--116-J9 

101 — 116-L11 
119-H9 

101-.-116-J11 

150-C1 

XXXX 



Operation Description 



Set A-cycle at next TLI 

Jam shift counter to 
ONEs 

Reset- M-register 

Memory data set into 
M-register 

Clear X- register to 
ONEs . • . 

Enable M-register into 
X-register 

Reset WR1NH+ F-F 

Enable step shift counter 
from all ONEs to 
ZEROs 

Enable set RCYF1 + 

Start memory cycle ■ 

Block STRB1+ to enable 

memory write cycle 

Reset Y-register (ad- 
dress location ZERO 
in memory) 

Enable X-register to 
adder 

Reset M-register 

Clear D-register to 
ONEs 

Enable adder sum into 
D- register 

Enable adder RnnPA+ 
output into M- register 

Clear X-register to 
ONEs 

Enable M-register into 
X-register 

Reset Y-register 

Enable set FCYLF+ at 
next TL1FF+ 

Enable P- register into 

Y-register 

Enable set RCYF1+ 
Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 










<F 




RRCXX- 




P-CYCLE 14 THROUGH 
A-CYCUET3 




ENABLE MEMORY WRITE CYCLE 






















ip 




CLMTR- 
EASTL+ 
ESMTSf 




Tl 


R 
L 
S 


0-(M) 

(A) - ADDER 
»(M) 






















i 


p 








T2 


























1 


' 




CLYTR*- 

EPYTS+ 

MEMC1+, RCYF1+ ' • 

FCYEFf 




T3 


















_ 








< 


f 




14 


R 

S 

s 

L 


0-(Y) 

(P) -00 

START MEMORY 
El F-C CLI ENTRY F-F 







F 



NEXT INSTRUCTION 
FETCH CYCLE 



STA 

2 CYCLES 
OP CODE 04 
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Instruction: Store A (ST A) 

5EL££±i : ° 4 ll££ : M ^» 2-cycIe 

Description: (A) - (EA) 



T IP 



. : :j.'::j.^>K^; AFAy./iy 



2 3 4 



Signal 



ACYEF+ 
RRCXX- 



CLMTR- 
EASTL+ 



ESMTS+ 



CLYTR- 
EPYTS+ 

FCYEF+ 

MEMC1+ 
RCYF1+ 



Origin 



119-F4 

126-L6 

12S-K8 
127-L1 

128-H10 



129-J3 
129-L5 

119-F10 

126-J11 

150-DI 



Cyc Tim 



TL4 

TL4thru 
TL3 

TLi 

TL1 

TL1 

TL2 
TL3 

TL4 

TL4 

TL4 

TL4 

TL4 



Clk 



h 
L 

R 

L 



L 

L 

R 

S 



L 

S 



5 6 7 8 9 10 11 12 . 13 

Execution Time f^sec): 1. 92 



14 15 16 



Signal Component 



(TL4FF+)(E01NS-)(F0lCY+> 
[(M01FF-) @11'9-B5] 

(ACYEF+)(0PGWR+)(WR1NH-) 

(MCRST^(H0LDM-)(TL1FF+) 

(ACYEF+)(TLATE-)(CAS0P-) 
(LSX0P-H10GRP-) 

(RRCXX-)(MAST0-)(0PGSM+) 

(TL1FF+MMCSET+) 



(TL4FF+)(ACYNX-)* 

(P1SEX-)(E01NS+)(TL4FF+) 
(.0PGJS-) 

(Set: (TL4FF+)(E01NS+)) 



(ME.MC1-) 

(MCSET+KMEMCI+) 
(RCYF1-) 



*|ACYNX«.) = ((ACYLF+)(LSX0P-)(CAS0P-)(SCZR0-))- @129-A1 



Origin 



119-D5 

126-F6 

128-K8 
127-J1 

128~F10 



129-D3 

129-D4 

119-D10 

126-G11 

150-C2 



Destination 



119-H3 

15Q-D6 

101 — 116-H9 
101--116-A5 

101--116-G9 



101--116-L11 
101 — 116-J11 



119-H10 
150-C1 

xxxx 



Operation Description 



Set A -cycle ®t next TL1 

Block STRB1+ to enable 
memory write cycle 

Reset M-register 

Enable A»register t© 
adder 

Enable adder RnnPA+ 
output into M- register 



Reset Y -register 

Enable P-register into 

Y-register 

Enable set FCYLF+ at 

next TL1FF+ 

Enable set RCYFI+ 
Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 










^ 






f -CYCLE T4 THROUGH 
A-CYCLE T3 




ENABLE MEMORY WRITE CYCLE 


(RRCXX-) 




„.______ _____ 


— — — 


v 


,_______„ 


~~ — — - 


T1 


R 

L 
S 


-, (M) 

(X) -ADDER 
ADDER -(M) 


CLMTR- 
EXSTL+ 
ESMT^ 




















ir 






T2 










_____.__. .___ 


- — — — 


\ 


' 


_____ ___.„ 


- — — — - 


T3 


R 
S 


i 8 s .,. (X) 
(M) * (X) 


CLXTR- 
EMXTS+ 








1 


r 




. ___^ 


T4 


R 

S 
L 

S 
L 


- (Y) 

(P) -co 

ENABLE SET MEMOIY START F-F 

START MEMORY CYCLE 
ENABLE SET F^CYCLE 


CLYTR- 
EPYTSf 
MEMCI + 
RCYF1+ 
FCYEF+ 












etv 








i 


! 





ENTER FETCH CYCLE FOR NEXT 
INSTRUCTION WORD ACCESS 



2 CYCLES 
OPCODE 15 
(1W) 2 = ■ 
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Instruction: Store Index Register (STX) 

OP_Code: 15 Type: ME, 2»cycle 

De£C£i£ti£R; (X) — (EA) ' Mote: Bit 2 of 1W must 
«- . ,^ m ^ e reset 



fJoJTJj p-ypr--- A 



sz 



... - 1 .. .. f ,. ,«, 
J A .JL_^ 



1 2 3 4 .5 6 7 8 9 10 11 12 13 

Execution Time fpsec): 1. 92 



14 15 16 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


ACYEF+ 


119-F4 


F 


TL4 


L 


(TL4FF+)(E01NS-)(F01CY) 
[(M01FF-) @119-B5] 


119-D5 


119-H3 


Set A -cycle at next TL1 


RRCXX- 


126-L6 


F 
A 


TL4 
TL3 


L 


(ACYEF+)(0PGWR+)(WR1NH-) 


126-F6 


150-D6 


Block STRB1+ to enable 

memory write cycle 


EXSTL+ 


128-K5 


A 


TL1 


L 


(ACYEF+)(TLATE-)(LSXOP-J) 


128-H5 


101--116-A5 


Enable X- register to 
adder 


CLMTR- 


I28-K8 


A 


TL1 


R 


(MCRST^(H0LDM-)(TL1FF+) 


121-K8 


101--116-H9 


Reset M-register 


ESMTS+ 


128-H10 


A 


TL1 


3 


(RRCXX-)(MAST0-)(0PGSM+) 
(TL1FF+)(MCSET+) 


128-F10 


101--116-G9 


Enable adder RnnPA+ 
output into M-register 


CLXTR- 


128-F8 


A 


TL3 


R 


(ACYLF+)|TL3FF+KLSX0P+) 


128-B8 


101--I16-L8 


Clear X«register to 
ONEs 


EMXTS+ 


128-H7 


A 


TL3 


S 


(ACYLF+)(TL3FF+)(LSX0P+) 


I28-B8 


101 — 116-J9 


Enable M-register into 
X-register 


CLYTR- 


129-J3 


A 


TL4 


R 


(TL4FF+HACYNX-)* 


129-D3 


10"1— 116-L11 


Reset Y-register 


FCYEF+ 


119-F10 


A 


TL4 


, L 


(Set: (TL4FF+)(E01NS+)) 


119-D10 


119-H9 


Enable set FCYLF+ 

at next TL1FF+ 


EPYTS+ 


I29-L5 


A 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 

(0PGJS-) 


129-D4 


101--116-J11 


Enable P- register into 
Y-register 


MEMC1+ 


126-J11 


A 


TL4 


L 


(MEMO-) 


126-G11 


150-C1 


Enable set RCYF1+ 


RCYF1+ 


150-D1 


A 


TL4 


S 


f MCSET+)(MEMC 1+)(RC YF1-) 


IS0-C2 


XXXX 


Start memory cycle 


*(ACYNX 
__J 


-) = ({AC 


YLF+) 

1 


LSX0P- 


)(CAS0I 

! 


M(SCZRO-))- @129-A1 









2-31 



ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 



Ti 



12 



12 
& 
T3 

(RATE) 



13 



T4 



ACYEF+ 



- (M) 



STROBE 



[EA] ^(m 



± 



(A) - ADDER ~ 
(M)- 1-7 - ADDEt 
(M)-g_ 16 -ADDER 

POUCE CARRY TO ADDER 






1 8 s- (D) 

ADDER + (D) 



CLMTR- 



MMnnE- 



EASTL+ 
ENSHL+ 
ENSLL+ 
E1K17- 



CLOTR- 
ESDTS+ 



... (A) 
Wl-B - ^1-8 



c 



ClATR- 
EDAHS+ 
EDA1S+ 



OVERFLOW? 



> 



NO 



CLEAR C-BIT 



YES 



SET C-BJT 



.. (Y) 
(P) - (Y) 
DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



SUB 

2 CYCLES 

OF CODE 07 



2-32 



Instruction: Subtract (SUB) 
OP Code : 07 



T jc& *'. 3, 2 cycles 






7 


















-" -.*- — 




--—\ 




)•• T j «? ' ... 


in 


IDlZH 


A 


** 


A 


- 


;'-. 


! A 


!* 



Desc ription ; I A) - |EA) -'(A) 
——-^—--' OVF - (C) 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (/isec): !• 92 



' * -V ' 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


CLMTR- 


I28-K8 


A 


TL1 


R 


(MCRST-0(HOLDM-)(TL1FF+) 


128-K8 


101 — 116-H9 


Clear M-»register 


MMnnE- 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101— 116-H8 


Memory data set into 
M-register 


EASTL+ 


127-L1 


A 


TLATE 


L 


[(SUB0P~)]-(ACYLF+) 

(TLATE+) 


127-Al/ 

CI 


101--116-A5 


Enable A -register to 
adder 


ENSHL+ 


I27»L7 


A 


TLATE 


L 


( ACYLF+)(0PGNS+)( 1ES0P- ) 


127-C11 


101--107-A9 


Enable M-(l-7)to adder 


ENSLL+ 


127-L5 


A 


TLATE 


L 


(ACYLF+)(0PGNS+)( 1RS0P-) 


127-C11 


108— 116-A9 


Enable M- (8- 16) to adder 


E1K17- 


127-L4 


A 


TLATE 


L 


(See gate A1B55-E) 


127-J6 


II6-D7-D9 


Force carry to adder 


CLDTR- 


125-J5 


A 


TL3 


R 


CANA0P-MTL3FF+)(MGRST+) 


125-A6 


101 — 116-E7 


Clear D-register to 
ONEs 


ESDTS+ 


125-L4 


A 


TL3 


S 


(TL3FF+)(10GRP-)(MCSET+) 


125-D6 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLATR- 


122-H7 


A 


TL4 


R 


(ACYLF+)(0PGAA+)(TL4FF+) 


122-D3 


101--116-H5 


Clear A-register 


EDAHS+ 


122-L1 


A 


TL4 


S 


(ACYLF+IPPGAA+KTL4FF+) 


122-D3 


101.--108-G7 


Enable D-register to 
A(l-8) 


EDALS4- 


I22-L2 


A 


TL4 


S 


(ACYLF+)(0PGAA+)(TL4FF+) 


122-D3 


.109--H6-G7 


Enable D-register to 
A (9-16) 


CB1TF+ 


I24-L2 


A 


TL4 


s 


(SUB0P-H(TL4FF4)(D00 =D01) 
(MCSET+) 


124-A4 


124-L2 


Set CBITF' 


CBITF*. 


124-Ll 


A 


TL4 


R 


(SUB0P-H(D1V0P-)(TL4FF+) 

CMCR.ST4I 


124-A1 


124-Ll 


Reset CBITF 


CLYTR-* 


129-J3 


A 


TL4 


R 


(SCZR0+)(TL4FF-*)(MCRST-B 


129-Al 


101 — 116- G7 


Clear Y-register 


EPYTS+ 


I29-L5 


A 


TL4 


S 


(P1SEX-)(E01NS+)(0PGJS-) 


129-D4/ 

H4 


101--116-K11 


Enable P- register to 
Y-register 


MEMC 


126-J11 


A 


TJ 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-E 

Hll 


150-C1 


Enable set RCYF1+ 


RCYFI+ 


150-D1 


A 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


150-D1 


Start memory cycle 

. 



2-33 



T2 



T2 
& 
T3 





ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 






u 




1 

L 

S 


0-<M), 1'i*p) 

(P)'+l -ADDER, 0- (F) 

ADDER -(D) 




— — 


u 


— 


STROBE 
R 

S 


&3 -cm) 

(D) *(P) 




— — - 


if 


a _ 



FCYEFf 



CLMTR-, CLDTR- 
EPSIL+, E1K17-, CLPTL- 
ESDTSf 



MMnnE- 
CLPTR- 

EDPTS- 



PLATE) 



JMf 



CB1T=1? 



> 



NO 



(A) +1 ^ADDEt 



EASTL+, E1K17- 

(SEE NOTE) 



(A) -ADDER 



T3 



EASTL+ (SEE NOTE) 



ADDER -(D) 



CLDTt- 
ESDTS+ 



- (A) 

CD) N8 - (A) K8 

(DV.16 * ^16 



YES 



14 



■C 



CLATR- 

EDAHS4- 
EDALS+ 



OVERFLOW? 
(DOO^DOl) 



> 



NO 



SETCB1TF 



MCSET-f 
(SEE NOTE) 



RESET CB1TF 



MCRST* 
(SEE NOTE) 



• (Y) 
IP) * (Y) 

DEVELOP START MEMORY LEVEL 
SET P~CYCl£ ENTRY F-F 



NOTE: MISSING SIGNALS CAN SE 
FOUND IN ACA ANALYSIS 



NEXT INSTRUCTION 
FETCH CYCLE 



CLYTR- 
EPYTS+ 
MEMC1+ 
FCYEFf 



ACA 

I CYCLE 

Of CODE 141216 



2-34 



instructioi 


141216 


* to A 


AUA) 


, I cyc 




I 


i l <- ' r 


■iiiii r 


TTIT^ 


™"~T"T™ 


— T— 


^TTTir 






1 i h j Ki v , v | i 


, u , i 




OP Code: 


Type ; o 


Le L ~ - •" ■■•■■" •" ■■"""'"■"" — 




Description: (A) + (C) - 
OVF -> 


(A) 
(C) 




1 2 3 4 5 6 7 


8 9 10 11 12 13 14 15 16 












Execution 


Time (/isec): 0. 96 


Signal 


Origin 


[ Cyc 


j Tim 


! Cik 


Signal Component 


Origin 


Destination 


Operation Description 


EP5LL+ 


128-H4 


j F 


l^"™™™*™™"™ 


i l 


|(FCYEF+)(TLATE-) 


128-F3 


101--116-A10 


Enable P-register to 


TLATE' 


















adder 


E1K17- 


I27-L4 


j F 


tEate 


L 


(TLATE-) 


127-J5 


116-D7/D9 


Force carry to adder 


CLMTR- 


128-K8 


F 


TLi 


1 R 


(MCRST-I)(H0LDM-)(TJL1FF+) 


128-K8 


101--116-H9 


Clear M-register 


GLBTR- 


125-J5 


F 


TL1 


R 


| (1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs 


CLFTL- 


125-J7 


F 


TL1 


L 


! (1CYEF-)(ACY£F-)(TL,1FF+) 


I25-A5 


120-B1 
121-A5 

125-L12 


Clear F-register 

Clear shift counter 
Clear AZZZZ F-F 


ESDTS+ 


125-L4 


F 


TLI 


c 


(1CYEF-)(ACYEF-)(TL1FF+) 


125- AS 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLPTR- 


129-J10 


1 * 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMA€-)(MCRST+) 


129-D7/ 

H9 


101--116-H10 


Clear P-register 


E1K17- 


127-1,4 


F 


TLATE 


L 


(CBlTF-tf(GEN0P+)(M01FF+) 

(M15FF+) 


127-C10/ 
E4/J6 


116-D7 
117-B1 


Force carry to adder 


I 


153/160 








(SWnnA-)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


EDPTS+ 


129-L9 


F 


TL2 




(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCSET+) 


129-H9 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


|eastl+ 


127-Li 


F 


TLATE 


L 


(GENOF-H(TLATE+)(M02FF+) 


127-G11 


101--116-A5 


Enable A-register to 
adder 


|emshl,+ 


127-L8 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--107-A8 


Enable M(l-7) to adder 


Ienshl+ 


127 -L7 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--107-A9 


Enable M-( 1-7) to adder 


1 EMSLL+ 


127-L10 


F 


TLATE 


i 


(GEN0P4)(TLATE+)(M02FF+) 


127-G11 


108--116-A8 


Enable M(8-16) to adder 


|ensll+ 


127-L5 


F 


TLATE 




(GEN0P4-)(TLATE+)(M02FF+) 


127-G11 


108--116-A9 


Enable M-(8- 16) to adder 


IJLDTR- 


125-J5 


F 


TL3 


R 


(TLi3FF+)(ACYLF-)(MCRST+) 


125-D6 


101--116-E7 


Clear D-register to 
ONEs 


ESDTS+ 


125-L4 


! 

F 


TL3 


5 


(TL3FF+)(10GRP-)(MCSET+) 


125-D6 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLATR- 


122-H7 


F 


TL4 


R 


(M15FF+)(GEN0A+)(TL4FF+) 


122-A3 


101--116-H5 


Clear A-register 


EDAHS-f 


122-L1 


F 


TL4 


S 


(M15FF+)(GEN0A+)(TL4FF+) 


122»A3 


101--108-G7 


Enable D-register to 
A(l-8) 


EDALS+ 


122-L2 


F 


TL4 


s 


(M15FF+)(GEN0A+)(TL4FF+) 


122-A3 


109--116-G7 


Enable D-register to 
A(9-16) 


CB1TF- 


124-L1 


I 


TL4 


R 


(TL4FF+)(D1V0P-)(GEN0A+) 
(MO9FF+)(MllFF-)(MCRST-0 


124-B1 


124-L1 


Clear CB1TF at TL4 

with reset clock 


CB1TF+ 


124- L2 


F 


s ; 


fDOO ^D01)(TL4FF+) 


124-B2/ 


124-L2 


Set CB1TFF when 












(GEN0A+)(M09FF+)(MJ IFF-) 


C2 




D00 ^-D01 






! 


TI 

TL4 




(MCSET+) 








CLYTR- 


129-J3 j 


F 

i 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


129-D2 


101--116-G7 


Clear Y-register 


EPYTS-f 


129»L5 


F 


S | 


(P1SEX-)(E01NS+)(TL4FF+) 


129-D4 


101--116-K11 


Enable P-register to 






j 


! 


1 


(0PGJS-)(MCSET+)- 






Y-register 


. E viCl-f- 


126-J11 


F 1 
1 


TL4 j 


! 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-Fll/ 
Hll 


150-C1 


Enable set RCYF1+ 


RCYF1+ i 

I 
1 i 

! J 


150-Di 


F 


TL4 1 

j 


S 

1 


IMCSET+)(MEMC1+)(RCYF1-) 


150-C2 


150-DI 


Start memory- cycle 



2^35 



ENTER FROM FtEVlOUS OPERATION 
(FETCH CYCLE ENHY ENABLED) 



FCYEF+ 



0-(M), ! e s^(D) 

flP) + 1 -ADDER, 0- (F) 
ADDER -(D) 



T2 



T2 

& 

T3 

(TLATE*) 



13 



shoie 

R 

s 



clmtr-, cldtr- 

EPSLL+, E1K17-, aFTL- 
ESDTSf 



m 



o-o») 

(D) *(?) 



L (A) + 1 - ADDEE 



1't-(P) 
ADDEI -(D) 



MMnnE- 
CLPTR- 

£DPf8» 



EASTL+, E1K17- 
(SEE NOTE) 



CLDTR- 

ESDTSf 



- 
(D^ 8 . 

(DV-,6 - 



(A) 
(A). 



1-8 
'9-16 



T4 



YES 



<: 



CLATR- 

EDAHSf 

EDALSf 



OYEIFLOW? 
(DOO^DOI) 



> 



NO 



SETCI1TF 



MCSET* R 

(SEE NOTE) 



RESET QiIF 



MCRST+ 
(SEE NOTE) 



o-(Y) 

m - (Y) 

DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-P 



_-=^ 



CLYfR- 
EPYTS- 
MEMC1+ 

FCYIF*- 



NEXT INSTRUCTION 
FETCH CYCLE 



AOA 
1 CYCLE 

OP CODE 141206 



NOTE; MISSING SIGNALS CAN IE 
FOUND IN AOA ANALYSIS 



2-36 



■..-■- -• \. 1 ..• ,, ,: :. 


n - Add ONE to A (AOA 1 




HP 


rn : ■: i : 


o ! i !o 


o ! o ' o 


i ; i ; o 




OP Code: 


141206 


Type: C 


, 1 cyc. 




! 1 


__ i 


1 




e 






5£2£EMl£2. : (A) + 1 - (A) 




i 2 3 4 5 6 7 


8 9 10 11 12 13 14 15 16 




OVF-* (C) 
















Execution 


Time {/isec): 0.96 


Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPSLL-f 
E1K17- 


128-H4 
127-L4 


F 
F 


TEaTC 


L 
L 


(FCYEF+)(TLATE~) 
(TLATE-) 


128-F3 
127-J5 


101--116-A10 
116-D7/D9 


Enable P-register to 
adder 

Force carry to adder 


TTaTE 


CLMTR- 


128-K8 


F 


TL1 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


I25=.J5 


F 


TL1 


R 


( 1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D»register to 
ONEs 


CLFTL- 


125-J7 


F 


TL1 


L 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


120-B1 
121-A5 

125-L12 


Clear P-register 
Clear shift counter 
Clear AZZZZ F~F 


ESDTS+ 


125-L4 


F 


TLi 


S 


( 1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


MMnnE- 


153/160 








(SWnnA-)(STRBl + ) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPTR- 


129-J10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 


129-D7/ 


101--116-H10 


Clear P-register 












(MEMAC-KMCRST+) 


H9 




EDPTS+ 


129-L9 


F 


TL2 


8 


(FCYEF+)(TL2FF+)(SCZR0+) 


129-H9 


101--116-GH 


Enable D-register to 
P-register 












(MEMAC-)(MCSET+) 






EASTL-F 


127-L1 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--116-A5 


Enable A-register to 
adder 

Enable M(l-7) to adder 


EMSHL+ 


127-L8 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--107-A8 


ENSHL+ 


I27-L7 


F 


TLATE 


L 


(GEN0P-H(TLATE+)(M02FF+) 


127-G11 


101--107-A9 


EnableM~(l-7)to adder 


EMSLL-I- 


127-L10 


F 


TLATE: 


L 


(GEN0F*)(TLATE+)(M02FF+) 


127-G11 


108--116-A8 


Enable M(8-16) to adder 


ENSLL+ 


127-L5 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


108--116-A9 


Enable M-(8- 16) to adder 


E1KI7- 


I27-L4 


F 


TLATE 


L 


(M13FF-)(GEN0P+)(M01FF+) 
(Ml ^vir-a 


127-C10/ 

E4/J6 


' 116-D7 
117-B1 


Force carry to adder 


CLDTR- 


I25-J5 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-D6 


101--116-E7 


Clear D-register to 
ONEs 


ESDTS-f 


125-L4 


F 


TL3 


S 


(TL3FF+)(10GRP-)(MCSET+) 


125-D6 


101--116-D4- 


Enable adder sum t© 


CLATR- 


122-F7 


F 


TL4 


R 


(M15FF+)(GEN0A+)(TL4FF+) 


122-A3 


D8 
101--II6-HS 


D-register 
Clear A-Register 


EDAHSf 


122-Li 


F 


TL4 


S 


(M15FFJ-)/GEN0A+)(TL4FF+) 


122-A3 


I01--108-G7 


Enable D-register to 
A(l-8) 


EDALS+ 


122-L2 


F 


TL4 


S 


(M15FF+)(GEN0A+)(TL4FF+) 


122-A3 


109--116-G7 


Enable D-register to 
A{9-16) 


CB1TF- 


124-L1 


F 


TL4 


R 


fTL4FF+)(DlV0P»)(GEN0A+)» 
(M09FF+)(M11FF~) 

(MCRST+) 


124-A2 


124-L1 


Clear C-bit with reset 
clock 


CB1TF+ 


124-L2 


F 


TL4 


S 


(DOC ^ D01)(GEN0A+) 


124-B2/ 


132-C7 


Set C-bit when D00 ^ 
DOi. 












(M09FF+)(M11FF-)(TL4FF+) 


C2 














IMCSET+) 








CLYTR- 


129-J3 


F 


TL4 


R 


(SCZR0+)(TL4FF+){MCRST+) 


129-D2 


101--116-G7 


Clear Y-register 

Enable P-register to 
Y-register 

Enable set RCYF1 + 


EPYTS-f 


129-L5 


F 


TL4 


S 


(PlSEX-)(E0i:;3+)(TL4FF+) 


129-D4 


101--116-K11 












(0PGJS-)(MCSET+) 






MEMC1 + 


126-J11 


F 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Mil 

150-C2 


150-C1 


RCYF1 + 


150-D1 


F 


TL4 


S 


'MCSETfHMEMCl+)(RCYFl-) 


150-D1 


Start memory cycle 



2-37 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



T! 



FCYEF4- 



0-(M), l's -(D) 

(P)+! « ADDER, 0- (F) 

ADDER -(D) 



T2 



STROBE 
R 
S 



CLMTR-, CLDTR- 

EPSLL+, E1K17-, CLFJL- 

ESDTSf 



[ea| Am 

o^p) 

(D) ^(P) 



T2 

& 

T3 

(TLATE+) 



13 



(A) -ADDER 



l'i*(D) 



14 



MMnnE- 

CLPTR- 

EDP1S- 



EASTL+ 
{SEE NOTE) 



CIDTR- 

ESDTSf 



- (A), - (Y) 

(P>W6 ^9-16 

(P)-(Y) 

DEVELOP START MEMORY LEVEL 

SET P-CYCLE ENTRY FF 



CLATR-, CLYTR- 

EDALSf 
EPYTS+ 
MEMC1 + 

FCYEFf 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE i 



MISSING SIGNALS CAN BE 
FOUND IH CAL ANALYSIS 



CAL 

1 CYCLE 

OP CODE 141050 



2-38 



Instruction : Clear Left Half (GAL) 
O^Code: 141050 Type: G s i cycle 



l"Tof 0; 



£1±±L*±21± 



HI 



Descrigtion: 0-fAL 

** *"* I — o 



12 3 4 



8 9 10 11 12 13 14 15 16 



Signal 



EP5LL+ 

E1K17- 

CLMTR» 

CLDTR- 

CLFTL- 

ESDTS+ 

MMnnE- 

CLPTR- 
EDPTS- 

EASTL+ 

EMSHL-f 
ENSHL-f 
EMSLL+ 
ENSLL+ 
JAMKN- 

GLBTR- 

ESDTS+ 

CLATR- 
CLYTR- 
EDALS4- 

EPYTS+ 

MEMC1+ 

RCYF1+ 



Origin 



128-H4 

127-L4 
128-K8 
I25-J5 

125-J7 

125-L4 
153/160 

129-J10 

129-L9 

127 -LI 

127-L8 
127-L7 
127-L10 

127-L5 
127-J3 

I27-J5 

125-L4 

122-H7 
129-J3 
122-L2 

129-L4 

126-J11 

150-D1 



Cyc 



■Tim 



TLATE 



TLATE° 

TX,1 

TL1 

TLi 
TI,1 



TL2 
TL2 

TLATE 

TLATE 
TLATE 
TLATE 
TLATE 

TLATE 

TL3 

TL3 

TL4 
TL4 
TL4 

TL4 

TL4 

TL4 



Clk 



L 
R 
R 



R 
S 



L 
L 
L 
L 
L 

R 

8 

R 
R 
8 

S 

L 

S 



Execution Time fjisec): 0. 96 



Signal Component 



CFCYEF+HTLATE-) 

(TLATE-) 

(MCRST+)(H0LDM-){TL1FF+) 
(1CYEF-)(ACYEF-)(TL1.FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(SWnnA+)(STRBl+) 

(EDPTL+)(MCRST+)* 
(EDPTL+)(MCSET+) 

(GEN0P+)(TLATE+)(M02FF+* 

(GEN0P+)(TLATE+)(M02FF+) 
(GEN0P+)(TLATE+)(M02FF+) 

(GEN0P+)(TLATE+){M02FF+) 
(GEN0P+)(TLATE+)(M02FF+) 
(GEN0PH}(M01FF+)(M02FF+) 

(TL3FF+)(ACYLF-) 

(TL3FF+)(10GRP») 

(GEN0A+)(M1 1FF+HTL4FF+) 
(ACYNX-)(TL,4FF+)(MCRST+) 
( GENOA +)(M11FF+)(M13FF+) 

(PISEX-KEOINS-B(OPGJS-) 

(TL4FF+)(SPM0D-)(TLAFF-) 

(MCSET+)(MEMC1+)(RCYF1-) 



Origin 



128-F3 

127-J5 
.'■128-K8 

125-A5 

125-A5 

125-A5 

153/160 

129-H10 

129-H9 

129-G11 

127-G11 
127-G11 
127-G11 
127-G11 

127-C2 

125-D6 

125-D6 

122-D5 
129-D3 

129-D5/ 

H2 

129-D4/ 

H4 

126-F11/ 

Hll 

150-C2 



Destination, 



101--116-A10 

116-D7-D9 

101--116-H9 

101--116-E7 

120-B1 
121-A5 

125-L10 

101 — 116-D4- 

DB 

101--116-H8 . 

101--116-H10 
101--116-G11 

101--116-A5 

101--108--A8 
101--108-A9 
109--116-A8 ' 
109--116-A9 
101--116-D6 

101--116-E7 

101— 116-D4- 

D8 

101--116-H5 
101 — 116-L11 
109--116-G7 

101--116-KI1 

150-C1 

150-D1 



Operation Description 



Enable P-register to 
adder 

Force carry to adder 

Clear M-register 

Clear D-register to 
ONEs 

Clear P-register 
Clear shift counter 
Clear AZZZZ F-F 

Enable adder sum to 
■ D-register 

Memory data set into 
M-register 

Clear P-register 

Enable D-register into 

P«*register 

Enable A-register to 
adder 

Enable M(l-7) to adder 
Enable M-(l-7) to adder 
Enable (M(8-l6) to adder 

Enable M-( 8- 16) to adder 

Force carry network to 
ZERO 

Clear D-register to 

ONEs 

Enable adder sum to 
D-register 

Clear A-register 

Clear Y-register 

Enable D-register to 
A(9-16) 

Enable P-register to 
Y-register 

Enable set RCYF1+ 



Start memory cycle 



2-39 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



Tl 



FCYEFf 



0^(M) # 1 8 s^(D) 

(p)+1 -ADDER, 0- (F) 

ADDER -(D) 



12 



STROBE 
R 
S 



CLMTR-, CLDTR- 

EPSLL+, E1K17-, am- 
ESDTS+ 



[ea] ^{mi 

(D) *(P) 



T2 
& 

T3 

CFLATE+) 



MMnriE- 

CLPTR- 

EDPTS- 



(A) ^ADDEt 



T3 



1 •••.<» 

ADBEft -(D) 



T4 



EASH+ 
(SEE NOTE) 



CIBTO- 
ESDfS* 



- (A), * 00 
P>l-8 *Wl-8- 

DEVELOP STAIT MEMOIY LEVEL 
SET F»CYCL£ ENTRY FF 



CLATR-, CLYTR-* 
EDAHS+ 
EPYTSf 
MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 

FETCH CYCLE 



NOTEi MISSING SIGNALS CAN BE 

FOUND SNCA1 ANALYSIS 



CAR 
1 CYCLE 

OP CODE 141044 



2-40 



l££!fii£M£E : Clear Right Half (CAR) 

OP _gode: 141044 Type: G s 1 cycle 



1 p,^ 





P-)0| 1 



^T^ 



: ■ ° ; ° 



mn 



De£cri£tioa : 0-*(A) 



I 2 3 



5 6 7 8 9 10 11 12 ' 13 14 15 16 



9-16 















Execution Time (psec): 


.96 


Function 


Origin 


Cyc 


Tim 


Clk 


Boolean Expression 


Origin 


Destination 


Operation Description 


EPa.l.f 


128-H4 


F 




L 


{FCYEF+K'j LA:T-> 


128-F3 


101--116-A10 


Enable P-register to 
adder 


TLATE 


E1K17- 


127-L4 


F 


YLATI? 


L 


(TLATE-) 


127-J5 


116-D7-D9 


Force carry to adder 


CLMTR- 


I28-K8 


F 


TL1 


R 


(MCRST+)(H0LDM~){TL1FF+) 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


I25-J5 


F 


TLi 


R 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs 


CLFTL- 


I25-J7 


F 


TLi 


L 


( lCYEF-)( A€YEF-)(TL1FF+) 


125-A5 


120-Bl 
121-A5 
125-L10 


Clear F-register 
Clear shift counter 
Clear AZZZZ FF 


ESDTS+ 


125-L4 


F ■ 


TL1 


S 


(1CYEF-MACYEF-MTL1FF+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


MMnnE - 


153/160 








(SWnriA+)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPTR- 


129-J10 


F 


TL2 


R 


(EDPTL+)(MCRST+)* 


129-H10 


101--116-H10 


Clear P-register 


EDPTS- 


129-L9 


F 


TL2 


S 


(EDPTL+)(MCSET+) 


129-H9 


101--116-G11 


Enable D-register into 
P-register 


EASTL+ 


127-1*1 


F 


TLATE 


L 


(GEN0Pi)(TLATE+)(M02FF+) 


129-G11 


101--116-A5 


Enable A-register to 
adder 


EMSHL+ 


127-L8 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--108-A8 


Enable M(l-7) to adder 


ENSHL+ 


127-L7 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--108-A9 


Enable M-(l-7) to adder 


EMSLL+ 


127-L10 


F 


TLATE 


L 


(GEN0P4)(TLATE+)(M02FF+) 


127-G'll 


109--H6-A8 


Enable M{ 8- 16) to adder 


EMSLL+ 


127-L5 


F 


TLATE 


L 


(GENGP+)(TLATE+)(M02FF+) 


127-G11 


109--116-A9 


Enable M-(8- 1.6) to adder 


JAMKN- 


127-J3 


F 


TLATE 


L 


|GEN0P+)(M01FF+)(M02FF+) 


127-C2 


101--116-D6 


Force carry network to 
ZERO 


CLDTR- 


I27-J5 


F 


TL3 


R 


(TL3FF+)(ACYLF-) 


125-D6 


101--116-E7 


Clear D-register to 
ONEs 


ESDTS+ 


125-L4 


F 


TL3 


S 


(TL3FF+)(10GRP-) 


125-D6 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLATR- 


122-H7 


F 


TL4 


R 


( GENOA +KMI1FF+KTL4FF+) 


122-D5 


101— 116-H5 


Clear A-register 


CLYTR- 


129-J3 


F 


TL4 


R 


(ACYNX-)(TL4FF+)(MCRST+) 


129-D3 


101--116-L11 


Clear Y-register 


EBAHS+ 
EPYTS+ 
MEMC1+ 


122-L1 

129-L4 
126-J11 


F 
F 
F 


TL4, 
TL4 
TL4 


S 
S 
L 


(GEN0A+)(M11FF+)(M14FF+) 

(P1SEX-)(E01NS+)(0PGJS-) 

(TL4FF+)(SPM0D-)(TLAFF-) 


122-D5/ 

F2 

129-D4/ 

H4 

126-F11/ 
Hll 


101--108-G7 

101--116-K11 

150-C1 


Enable D-register to 
A-register 1-8" 

Enable P-register to 
Y-register 

Enable set RCYF1 + 


RCYF1+ 


150-D1 


F 


TL4 


S 


(MCSET+)(MEMC !+)( RCYF 1 -) 


150-C2 


150-O1 


Start memory cycle 


♦ See j 


jate AiA^ 


14- F al 


: 129-D8 


for ED 


PTL+ 









2-41 



ENTER FROM PREVIOUS OPERATION 
{FETCH CYCLE ENTRY ENABLED) 



II 



FCYEF+ 



0-*(M), l«s-(D) 

JPJ+1 -ADDER, 0- (F) 

ADDER -(D) 



¥2 



STROBE 

R 

I 



CLMTR-, CLDTR- 

epsll+, E1K17-, am- 

ESDTSf 



[ea] -CM) 

(d) An 



12 

& 

T3 

(RATE*) 



(A) -ADDEI 



¥3 



EDPTS- 



EASTL+, JAMKN- 



l't-(D) 
ADDEI *(D) 



T4 



CLDTI- 



- (A) 1 

(D) 1 * (A) 1 

0*(Y) 

« - (Y) 

DEVELOP START MEMOIY LEVEL 
21 F-CYCLE ENTRY F-F 



CLA1L+ 

EDA1L+ 
ClYTR- 
EPYTS** 
MEMC1 + 

f€YEFf 



NEXT INSTRUCTION 

FETCH CYCLE 



CHS 

i CYCLE 

Of CODE 140024 



2-42 



Instruction; Complement A Sign (CHS) 
QJLCgge : 140024 Type: Q 1 cycle 

Description : ONE's complement of (Aj) -* (Aj) 



I I ,; it- s a 



■ ' ■. , l' ', i • ; i 



1 i ° i ° 



i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (psec): 0.96 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPSLL-f 


I28-H4 


F 




L 


(FCYEF+MTLATE-) 


128-F3 


101--116-A10 


Enable P-register to 


TLATE 


E1K17- 


127-L4 


F 




L 


(TLATE-) 


127-C3/ 
J6 


116-D7/D9 


adder 
Force carry to adder 


TLATE 


CLMTR» 


128-K8 


F 


TLI 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


125-J5 


F 


TLI 


R 


( 1CYEF-)(ACYEF-){TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs 


CLFTL- 


12S-J7 


F 


TLI 


L 


( ICYEF-)(ACYEF-)(TL1FF+) 


125-A5 


120-Bl 
121-A5 

125-L12 


Clear F-register 
Clear shift counter 
Clear AZZZZ F-F 


BSDTS-f 


125-L4 


F 


TL1 


S 


( 1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


MMnnE- 


153/160 








(SWnnA-)(STRBl + ) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPTR- 


129-J10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCRST+) 


129-D7/ 

H9 


101--116-H10 


Clear P-register 


EBPTS+ 


129-L9 


F 


TL2 


S 


(FCYEF+)(TL2FF+)(SCZR0+) 

CMEMAC-KMCSET+) 


129-H9 


101--116- ■ , 


Enable D-register to 
P-register 


EASTL+ 


127-LI 


F 


TLATE 


L 


See gate A IE 37 -D 


127-C2 


101--116-A5 


Enable A-register to 
adder 


JAMKN- 


127-J3 


F 


TLATE 


L 


See gate A1E37-D 


127-C 


101--116-D6 
117-B/D 


Jam carry network 


cldt; 


125-JS 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST-t) 


125-1 ■ 


101--116-E7 


Clear D-register to 
ONEs 


ESDTS+ 


125-L4 


F 


TL3 


S 


(TL3FF+)(10GRP-MMCSET+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLA1L+ 


130-H11 


I 


TL4 


L 


(GEN0A+)(TL4FF+)(M14FF+) 


130-F9 


101-H3 • 


Clear A-register bit 1 


EBA1L+ 


130-H10 


1 


TL4 


L 


(GEN0A+)(TL4FF+)(M14FF+) 


130-F9 


101-H6 


Enable D-register bit 1 
iato A-register bit 1 


CLYTR- 


129-J3 


F 


TL4 


R 


(SCZR0+)(TL4FF-*)(MCRST-H 


129-D2 


101--116-G7 


Clear Y -register 


EPYTS+ 


129-L5 


F 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 
(0PGJS-){MCSET+) 


129-D4 


101— 116-K11 


Enable P-register to 
Y-register 


MEMCI+ 


12.6-J11 


F 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 
Hll 


150-C1 


Enable set RCYF1+ 


RCYFI+ 


150-D1 


F 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


150-D1 


Start memory cycle 



2- .43 



ENTER PHOM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



T! 



FCYEF+ 



0-(M), IV- (D) 
(P) + ! ..-ADDER, - (F) 

ADDER -(D) 



12 



STROBE 
R 
S 



CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 

ESDTSf 



[ea| -CM) 

(D) -(P) 



T2 

& 

T3 

(RATE*)- 



T3 



(A) ^ADDEi 



!'t*(p) 
ADDER -(D) 



T4 



MMrsnE- 

CIPTR- 

EDPTS- 



EASTL+, JAMKN- 



CLDTR- 
ESDTSf- 



- (A) 

< D )l^8 - ^1-8, <W&-16, ^8^16 
*(Y) 

(P) -co 

DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 



CLATR- 

EDAHS+, EDA15+ 
CLYTR- 
EPYTS+- 

MEMC1 + 
FCYEFf 



NEXT INSTRUCTION 
FETCH CYCLE 



CMA 

1 CYCLE 

OP CODE 1401401 



2»44 



l£fi£H£M££ : Complement A (CMA) 

OP Code : 140401 Tjpe: G, 1 cycle 

,5£f£l!E!i2£ : " ONE f s com pie merit of (A) -* (A) 



I 



I_llLiL c :IITi 



HEZ 



i^j^±± 



° . ° i * 



Signal 



EPSLL+ 

E1K17- 

CLMTR« 
CLDTR- 

CLFTL- 

ESDTS4- 
MMaaE - 
CLPTR- 
EDPTS4- 

EASTL+ 

JAMKW- 

CLDTR- 

ESDTS+ 

CLATR- 

EDAHS+ 

EDALS+ 

CLYTR- 
EPYTS+ 

MEMC1+ 

RCYF1+ 



Origin 



128-H4 

127-L4 

128-K8 
125-J5 

I25-J7 

125-L4 
153/160 
129-J10 

I29-L9 

127-L1 
127-J3 

125-J5 

125-L4 

122»H7 

I22-L1 

122-L2 

129-J3 
129-L5 

126-J11 

150-D1 



Cyc 



F 
F 

F 

F 

F 

F 

F 

F 

F 

F 
F 

F 

F 



Tim 



TXTts 

TLATE 

TL1 
TLi 

TL1 
TL1 

TL2 
TL2 

TLATE 
TLATE 
TO 
TL3 

TL4 

TL4 

TL4 

TL4 
TL4 

TL4 

TL4 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time fpsec): . 0. 96 



Clk 



L 
L 

R 

R 



R 
S 

L 
L 
R 

S 
'R 

S 
S 

R 

S 

L- 

S 



Signal Component 



(FCYEF+)(TLATE-) 

(TLATE-) 

(MCRST+HH0LDM-KTL.1FF+1 
(lCYEF-)(ACYEF-)(TL"lFF-») 

{ 1CYEF-)(ACYEF-)(TL1FF+) 

(lCYEF-)(^ CYEF-XTL1FF+) 

(SWnnA-)(STRBl + ) 

(FCYEF+)(TL2FF4)(SCZR0+) 
(MEMAC» )(MCRST+) 

(FCYEF-»)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCSET+) 

See gate A IE 37 -D 

See gate A1E37-D 

'(TL3FF+HACYLF-)(MCRST+) 

CTL3FF+K 10GRP-)(MCSET+) 

{M16FF+H GENOA +KTL4FF+) 
(MCRST+1 

(M 1 6FF+)(GEN0A+)( TL4FF*) 
(MCSET+) 

CM16FF+)(GEN0A+)(TL4FF+) 
(MCSET+) 

(SCZR0+)(TL4FF+)(MCRST+) 

<P1SEX-)(E01NS+)(TL,4FF+) 
(0PGJS-)(MCSET+) 

(TL4FF-D(SPM0D-)(TLAFF-) 
(MCSET+)(MEMC1+)(RCYF1-) 



Origin 



128-F3 

127-C3/ 

J6 

128-K8 
125-A5 

125-A5 



125-A5 

153/160 



128-D7/ 

H9 

129-H9 



127-C2 

127-C2 

125-D5 

125-A5 

122-A3 

122-A3 

122-A3 

129-D2 ■ 
129-D4 

126-F11 

H1I . 

150- €2 



Destination 



101 — 116-A10 
116-D7-D9 

101--I16-H9 
101--116-E7 

120-B1 
121-A5 

125-L12 

101--116-D4- 

D8 

101--116-H8 

101--116-H10 

101--116-G11 

101--116-A5 

101--116-D6 

117 B/D 

101--116-E7 

101--116-D4- 

B8 

101--116-H5 

101--108-G7 

108--116-G7 

101--116-G7 
101--116-K11 

150-C1 

150-D1 



Operation Description 



Enable P-register to 
adder 

Force carry to adder 

Clear M-register 

Clear D-register to 
ONEs 

Clear F- register 
Clear shift counter 
Clear AZZZZ F-F 

Enable adder sum to 
D-register 

Memory data set into 
M-register 

Clear P-reglster 

Enable D-register to 
P-register 

Enable A- register to 
adder 

Jam carry network 

Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

Clear A-register 

Enable D-register to 
A(l-8) 

Enable D«-register to 
A(9-16) 

Clear Y-register 

Enable P-register to 

Y-register . 

Enable set RCYF1 + 



Start memory cycle 



2-45 



EHim FUGM PREVIOUS OPEIATION 
CFITCH CYCLE ENTIY INAIiED) 



T1 



FCYER- 



0-(M), l's-*(D) 

(P)+l ^ADDER # 0^ (F) 
ADDER -(D) 



12 



STROBE 
R 

S 



clmtr-, cldtr- 
epsll+ # eiki7- # clftl- 

ESDTSf 



[ea| -CM} 

(d) An 



13 



A 



■ !•• *(D) 



T4 



CLPTR- 
EDPTS- 



CIDTR- 



• (A), - (Y) 
(P) -(Y) 

DEVELOP START MEMGftY LEVEL 
SET F-CYCLE ENTRY FF 



CLATR-, CLYTR- 

EPYTSf 
MEMC1 + 

FCYER- . 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN CRA ANALYSIS. 



CRA 
! CYCLE 

OPCODE 140040 



2»46 



i5£l£B£!iSll : Clear A-register (CRA) 

OP Code: 140040 T^ge: Generic, 1 cycle 



T~f||i 



WMI 



o;o; o 



u 



HH°J 



££f££iE*£2£ : 0s-*(A). w 



Signal 



EPSLLrf 

E1K17 + 

CLMTR- 

CLDTR- 

CLFTL- 

ESDTS+ 

MMnaE - 

CLPTR- 
EDPTS+ 

CLDTR- 

CLATR- 
CLYTR- 
EPYTS-f 

MEMCi-f 
RCYF1+ 
FCYEF-f- 



Origin 



U8-H4 

127-L4 
128-KS 
125-J5 

125-J7 

125-L4 

153/160 

129-J10 
I29-L9 

125-J6 

122-J7 
129-J3 
129-L5 

126-JU 
150-O1 
119-F10 



Cyc 



TCSTE 



Tim 



TEATS 

TL1 

TL1 

TL1 

TL1 
TL1 



TL2 
TL2 

TL3 

TL4 
TJL4 

TL4 
TL.4 
TL4 



Clk 



L 
R 

R 



L 

S 



R 

S 



R 
R 

S 

L 
S 

h 



2 3 4 5 6 7 

Execution 



8 9 10 11 12 13 14 15 16 



Time (/usee): 0.. 96 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

(MCRST+)(H0LDM-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

( 1CYEF-)(ACYEF-KTL1FF+) 

(SWnnA+)(STRBl+) 

(EDPTL+)* 
(EDPTL+I* 

(TL3FF+HACYLF-) 

(CLATL+HMCRST-tf** 
(ACYNX-)(TL4FF+)(MCRST+) 

(P1SEX-)(E01NS+)(TL4FF4) 

fOPGJS-) 

(MEMC1»)«* 

(MCSET+)(MEMC1+)(RCYF1-) 
(Set: (TL4FF+)(E01N8+) 



Origin 



128-F3 

127-J5 
128-K8 
125-A5 

125-A5 

125-A5 
125-A5 

153/160 

129-F9 
129-F9 

125-D6 

122-F7 
129-D3 
129-D4 

126-G11 

150-C2 
119-010 



Destination 



*{EDPTL+) @129-F9 = (FCYEF+)(TL2FF+)(SCZR0+)(MEMAC-) f 129-D8 
**{CLATL4) f@122-F7 = ( GENOA +)(M11FF+)(TL4FF+) # 122-C5 
«*{MEMCI-) @126-GH = (TL4FF+)(SPM0D-)((10GRP-D(FCYLF^-) 



101--116-A10 



116-D7/D9 



IZO^Bl 



12 



125-L10 



10 



--116- 
D4/D6/D8 

--116-H8 



--116-H9 
— 116-E7 



-A5 



--116-H10 
--116-G11 

--116-E7 

--116-H5 

--116-L11 

--116-J11 



150-C1 

xxxx 

119-H9 



Operation Description 



Enable P»register to 
adder 

Force carry-in to bit 16 
Reset M™ register 

Clear D-register to 
ONEs 

Reset F-register 
Reset shift counter 
Reset AZZZZ+ 

Enable adder sum to 
D-register 

Memory data set into 
M-register 

Reset P-register 

Enable D-register into 
P-register 

Clear D-register to 
ONEs 

Reset A-register 

Reset Y-register 

Enable P-register into 
Y»register 

Enable set RCYF1+ 

Start memory cycle 

Enable set FCYLF+ at 
next TLIFF+ 
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ENTEI FROM PIEVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



TI 



FCYEF+ 



JL 



0-(M), ! 8 s^(D) 

(P)+! ^ADDEI.O- (F) 

ADDER -(D) 



T2 



STIOSE 
R 
S 



IMJ *(M) 
(D) -fl>) 



T2 

& 

T3 
(TIATE+) 



T3 



(A) ^ADDEI 



l'i*(p) 
ADDER -(D)" 



T4 



. 



* (A), 

- CB1TFF 
- (Y) 
(P) - (Y) ' 

DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY P-F 



CLMTR-, CLDTi- 
EPSLL+ # E1K17-, ClFTi- 

ESDTS+ 



MMrtnE- 
CLPTR- 

EDPIS- 



EASTL+ 
{SEE NOTE) 



CIDIH- 
ESDT^ 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE; MISSING SIGNALS CAN BE 
FOUND IN CSA ANALYSIS 



CLA1L+ 
(SEE NOTE) 
CLYTR- 

EPYTSf 

MEMCL+ 

PCYEF+ 



CSA 

I CYCLE 

OP CODE 140320 
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instruction: Copy Sign and Set Si 


gn Plus 


(CSA) 


1 


1 )6 Jo | I 01 


^nrr 


« 1 , 1 ~ 

■ ° ■ ' ■ ° 


; : 




' XJX % ^ %J%J '^ • 


iWJ^U 


x ype : e 


r, I cyc 


le - " 




Description: (A) -*• C 


°~< A >i 




1 2 3 4 5 6 7 


8 9 10 11 12 13 14 15 16 












Execution Time (^sec): 0. 96 




Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 




EPSLL-f 


128-H4 


F 




L 


(FCYEF+HTLATE-) 


128-F3 


101--116-A10 


Enable P-register to 




TLATE 




E1K17- 


127-L4 


F 




L 


(TLATE--) 


127-C3/ 
J6 


116-D7-D9 


adder 
Force carry to adder 




TLATE 




CLMTR- 


128-K8 


F 


TL1 


R 


(MCR5T+)(H0LDM-){TL1FF+) 


128-KS 


101--I16-H9 


Clear M-register 




CLDTR- 


125-J5 


F 


TLI 


R 


(1CYEF+)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs 




CLFTL- 


125-J7 


F 


TLI 


L 


(1CYEF-)(ACYEF-)(TL1FF+)' 


125-A5 


120-B1 
121-A5 

125-L12 


Clear F-register 
Clear shift counter 

Clear AZZZZ F-F 




ESDTS+ 


125-L4 


F 


T.L1 


S 


(1CYEF-){ACYEF-)(TL1FF+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 

D-register 




MMnnE- 


153/160 








(SWnnA-)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-reglster 




CLPTR- 


129-J10 


F 


TL2 


R 


(FCYEF-f)(TL2FF+){SCZR0+) 
(MEMAC-)(MCRST+) 


129-D7/ 

H9 


101 — 116-H10 


Clear P-register 




EDPTS+ 


129-L9 


F 


TL2 


S 


(FCYEF+)(TL2FF+){SCZR0+) 
(MEMAC-)(MCSET+) 


129-H9 


101--116-G11 


Enable D-register to 
P-register 




EASTL+ 


127-L1 


F 


TLATE 


L 


(See gate AIE37-DV 
gate AJ.C43A) 


127-C2 


101--116-A5 

117 B/D 


Enable A-register to 
adder 




JAMKN- 


127-J3 


F 


TLATE 


L 


(See gate AIE37-DV 
gate A1C43A) 


127-C2 


101--116-D6 


Jam carry network 




BM.SHL+ 


127-L8 


F 


TLATE 


L 


{GEN0P+)(TLATE+)(M02FF+) 

(M09FF+) 


127-G11 


101--107-A8 


Enable M(l-7) to adder 




ENSHL+ 


127-L7 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 

(M09FF+) 


127-G11 


101— 107-A9 


Enable M- (1 -7 ) to adder 




EMSLL+ 


I27-L10 


F 


TLATE 


L 


(GEN0P+)(TLATE4-)(M02FF+) 
(M09FF+) 


127-G11 


108--116-A8 


Enable M(8-16) to adder 




ENSLL+ 


127-L5 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 
(M09FF+) 


127-G1 


108--116-A9 


Enable M- (8- 16) to adder 




CLDTR- 


125-35 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-D5 


101--116-E7 


Clear D-regi'ster to 

ONEs 




ESDTS+ 


125-L4 


F 


TL3 


S 


(TL3FF+)(I0GRP~)(MCSET+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 




CLA1L+ 


130-H11 


F 


TL4 


L 


( GENOA +)(TL4FF+)(M10FF+) 


130-F11 


101-H3 


Clear A-register bit 1 




Dl - C 


124-L2 


F 


TL4 


S 


(GEN0A+)(TL4FF+)(MI0FF+) 

(M12FF+)(D0iFF+) 


124-D9 


124-L2 


Set Dl into C-bit 




CLYTR- 


129-J3 


F 


TL4 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


I29-D2 


101--116-G7 


Clear Y-register 




EPYTS+ 


I29-L5 


F 


IL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 
(0PGJS-)(MCSET+) 


129-D4 


101--116-K11 


Enable P-register to 
Y-register 




MEMC1+ 


126-J11 


F 


FL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11 

HI ! 


150-C1 


Enable set RCYF1 + 


1 


EICYF1+ 


L50-D1 


F 


FL4 


S 


(MCSET+HMEMC 1+)(RCYF 1 -) 


150-C2 


150-D1 


Start memory cycle 






















1 
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ENTEK FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



Tl 


R 
L 

S 


- (M), V$ - (D) 

(P) + 1 - ADD£I # * OF) 
ADDER - (D) 


ClMTfK CLDTR- 
EPSLL+, E1K17-, CLFTL- 

ESDTS+ 










T2 


STROBE 
R 
S 


J i) ~ (M) 

- (P) 
(D) * (P) 


MMnnE- 

CLPTR- 
EDPTS+ 
















1 






T3 
























P 




T4 


L 

R 
S 
L 
S 


SET INTERRUPT 
*(Y) 

(P) * (Y) 

DEVELOP START MEMORY LEVEL 

SET F-CYC N 'BY F-F 


SET P! 
CLYTR- 
EPYTS+ 
MEMCH 
' FCYEF+ 



F 



NEXT INSTiUCTlON 
FETCH CYCLE 



ENB 

I CYCLE 

OP CODE 000401 
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IS£!£H£!i££ : Enable Program Interrupt (ENB) 
£!L£2^£ : 000401 ZZ2® ; G 8 1 cycle 

.5££££iE!i2£ : Set machine status to permit interrupt 



o WmMl iSf® 



^ 



HHZ 



■ ° ■ * 



Signal 



BPSLLt 

E1K17- 

CLMTR- 
CLD.TR- 

CLFTL 

ESDTS+ 

MMnnE- 

CLPTR- • 

EDPTS+ 

SET PI 

CLYTR- 

EPYT5+ 

MEMC1+ 

RCYF1+ 



Origin 



128-H4 

127-L4 

128-K8 
125-J5 

125-J7 

12S-L4 
153/160 
129-J10 

129-L9 

I34-A4 
129-J3 
129-L5 

,126-Jll 

150-D1 



Cyc 



Tim 



tOte 

TLl' 
TLi 

TLl 

TLl 

TL2 

TL2 

TL4 
TL4 
TL4 

TL4 

TL4 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jjsec): 0, 96 



Cik 



h 
L 

R 

R 



R 

S 

L* 
R 
5 

L 

S 



Signal Component 



(FCYEF+)(TLATE-) 

(TLATE-) 

(MCRST+KH0LDM-HTL1FF+) 
(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(SWnnA-)(STRBl + ) 

(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCRST+) 

(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCSET+) 

(GENQB+)(TL4FF+)(M08FF+) 

(SCZR0+)(TL4FF+)(MCRST+) 

(P1SEX-).(E01NS+)(TL4FF+) 
(0PGJS-)(MCSET+) 

(TL4FF+)(SPM0D-)(TJLAFF-) 

(MCSET+) fMEMC 1+)(RCYF 1 -) 



Origin 



J I 



128-F3 

127^03/ 
J6 
128-K8 

125-A5 

125-A5 



125-A5 
153/160 

129-D7/ 

H9 

129-H9 

134-A4 
129-D2 
129-D4 

126-F1I/ 

Hll 

I50-C2 



Destination 



101--116-A10 

116-D7-D9 

101 — 116-H9 
101--116-E7 

120-B1 
121-A5 
125-L12 

101--116-D4- 

D8 

101--116-H8 

101--1I6-H10 

101— 116-G11 

134-C4 
101--116-G7' 
101 — 116-K11 

150-C1 

150-D1 



Operation Description 



Enable P-register to 
adder 

Force carrv to adder 

Clear M-register 

Clear D-register to 
ONEs 

Clear F -register 
Clear shift counter 
Clear AZZZZ F-F 

Enable adder sum to 
D-register 

Memory data set into 

M-register 

Clear P-register 

Enable D-register to 
P-register 

Permit interrupt 

Clear Y-register 

Enable P~ register to 
Y-register . 

Enable set RCYF1+ 
Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



fCYER* 



_(M), l't ^(D) 
(P) + 1 • ADDER, - (F) 
ADDER * (D) 



CLMTR-, CLDTR- 
EPSLL+,E1K17-, CIFTI- 

ESDI'S* 



12 



T2&T3 
CTLAIE! 



STEOIE 
R 
S 



CD) ^(P) 



MMnnE- 

CLPTR- 



CLEAR RUNfF 

(sc) + 1 -esc) 



SCZR0- 
. 1NCSC+ 



HALT 



SET RUNFP 



PRESS 
START, 



(A) - ADDEE 



EASTL+ 

(SEE NOTE) 



13 



!••- CD) 

ADDER - CD) 



C 



CLDTR- 

ESDTS+ 



AZZZZ = 



> 



L iEPEATT2 StPTO 



YES 



HO 



! 8 s-SC 
SET AZZZZ 



EiCTS- 
SETAZ+ 



ENTER T4 



RPTT2- 



14 



0^(Y) 

(?) * CO 

DEVELOP START MEMORY LEVEL 
SET P»CY€l£ ENTRY F-F 



CLYTR- 

EPYTS* 
MEMC1 + 
FCYEFf 



NEXT INSTRUCTION 
FETCH CYCLE 



HIT 

OF CODE 000 000 



HOWi MISSING SIGNALS CAN BE 
FOUND IN HLT ANALYSIS 
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iBSllES^SR,"' Halt (HLT) 

OP_Code: 000000 Tyge: G s 1,5 cycles 

5£i££iE!i2£ : Set machine to halt mode 



TjlTfi" ^^^ 



°;° : o 



12 3 4 5 6? 8 9 10 11 12 13 14 15 16 

Execution Time fpsec): 1.44 



Signal 



Origin 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Operation Description 



EPSLL+ 

E1K17- 

CLMTR- 
CLDTR- 

CLFTL- 

ESDTS+ 
MMnnE- 
CLPTR- 
EDPTS+ 
EASTL+ 

EMSHL+ 

ENSHL+ 
EMSHL+ 
ENSLL+ 
CLDTR- 

ESDTS+ 
E1CTS- 

SETAZ* 
RUNFF- 

1NCSC- 



RUNFF+ 



CLYTR- 
EPYTS+ 



MEMCI+ 
RCYFI+ 



128-H4 

127-L4 
128-K8 
125-J5 

125-J7 

125-L4 

153/160 

129-H10 

129-L9 

127-L1 

127-L8 
127-L7 
127-L10 

127-L5 
125-J5 

I25-L4 

125-H8 

125-J9 
I26-H2 

126-L3 



126-H2 

129-J3 
129-L4 

126-J11 

150-D1 



T Lf.'r'L 



F 

F 

F 

F 
F 
F 

F 

F 

F 
F 

F 

F 



F 

F 



TLATE 

TLi 

TL1 

TLi 
TLI 

TL2 

TL2 

TLATE 

TLATE 
TLATE 
TLATE 
TLATE 
TL3 

TL3 

TL3 

TL3 
TL2 

TL2 



L 
R 
R 



R 

S 

L 

L 
L 

L 
L 
R 

S 

S 

L 
R 



(FCYEF+)(TLATE-) 

(TLATE-) 

(MCRST+)(H0LDM-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

< 1CYEF-)(ACYEF~)(TL1FF+) 
(SWnnA-)(STRBl+) 
(EDPTL+)(MCRST+) 
(EDPTL+)(MCSET+) ' 

(GENOP+)(TLATE+^vl01FF») 

(GEN0P'+)(TLATE+)(M01FF») 
{GEN0P+){TLATE+){M01FF-») 
(GEN0F+)(TLATE+)(M01FF-) 

(GEN0P+)(TLATE+)(M01FF-) 
(TL3FF+)(ACYLF-}(MCRST+) 

(TL3FF+)(10GRP-)(MCSET+) 



(GEN0B+)(TL3FF+)(M16FF-) 
(MCSET+)(AZZZZ-) 

(GEN0B+)(TL3FF+)(M16FF-) 

(MCRST+)(TL2FF+)(GEN0B+) 
(M16FF-)(SCZR0-)(RESTR-) 

(FCYEF+)(TL2FF+) 



I28-F3 

127-J5 
128-K8 
!25»A5 

125-A5 

125-A5 
153/160 

129-D7/ 

F9 

129-D7/ 

H9 

127-G11 

127-G11 
127-G11 
127-G11 
127-G11 

125-D6 

125-D6 

125-D8/ 
H8 

125-D8 
126-F3 

126-H3 



Depress and release START button 
(READYFF+)(P1L00-) I 126-D3 



101--116-A10 

116-D7/D9 

101--116-H9 

101--116-E7 

121-A5 

120-B1 
125-L10 

101--116-D4- 

D8 

101--116-H8 

101--116-H10 

101--116-G11 

101 — 116-A5 

101--107-A8 
101--107-A9 
108--116-A8 
108--116-A9 
101--116-E7 

101--116-D4- 

D8 

121-A8 

126-F5 
125-H9 
126-H1 

121-A5 



126-H2 



Repeat TLATE and TL3 with entry to TL4 (SCZR0+){RPTT2-) 



TL4 
TL4 



TL4 
TL4 



R 

3 



L 

S 



(ACYNX-MTL4FF+MMCRST+) 
(P1SEX-)(E01NS+)(0PGJS-) 

(TL4FF+)(SPM0D-)(TLAFF-) 

(MCSET+)(MEMC1+)(RCYF1-) 



129-D3, 

129-D4/ 

H4 

126-F11/ 

Hll 

150-C2 



101--116-L11 
101--1I6-K11 

150-C1 

150-D1 



Enable P-register to 
adder 

Force carry to adder 
Clear M-register 

Clear D-register to 
ONEs 

Clear shift counter 
Clear F»register 
Clear AZZZZ F-F 

Enable adder sum to 
D-register 

Memory data set into 
M-register 

Clear P»register 

Enable D-register to 
P-register 

Enable A-register to 

adder 

Enable M(l-7) to adder 
Enable M-( l-7)'to adder 
Enable M(8-16) to adder 

Enable M-(8- 16) to adder 

Clear D-register to 
ONEs 

Enable adder sum to 

D-register 

Set shift counter to all 

ONEs 
Repeat TL2 (RPTT2+) 

Set AZZZZ F-F 

Reset RUNFF 

Enable increment shift 
counter 



Set RUNFF 



Clear Y-register 

Enable P-register to 

Y-register 

Enable set RCYF1+ 
Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



T1 



PCYEPf 



0^{M), !•$ -(D)- 

(P)+! -ADDER, 0- (F) 

ADDER -(D) 



T2 



T2 

a 

T3 
(TIATE+) 



STIOBE 
R 
S 



CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 

ESDTSf 



[ea| -(m) 
o-o>) 

(D) -(p) 



(A) LADDER 



T3 



MMrtoE™ 
CIPTR- 

EDPTS- 



EASTL+ 
(SEE NOTE) 



l»f-(D), Vi -<E) 
ADDER - (D), (B) ^ (E), 



T4 



CLDTR-, CLETR- 

ESDTS+, EBETS+ 



- (Y), -(A), ^ (B) 

m - (Ah (d) * m t (?) ^ (y) 

DEVELOP START MEMORY LEVEL 
SET F-CYCIE ENTRY FF 



CLYTR-, CLATR-, CLSTR- . 

EEATSf, EEALSf, EDBTSf, EPYTS+ 

MEMC1 + 

FCYEFf 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE i 



MISSING SIGNALS CAN BE 
FOUND IN IAS ANALYSIS 



!AB 

1 CYCLE 

OP CODE Q00201 
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i^fi£H£M££: : Interchange A and B (1AB) 
£ES^± : 000201 XZP£ : Generic, 

Description: (A) ^ (B) 



1 cycle 



[ ■ ' JjH l ' ° I ° 



jl-Ljl 



1. 2 3 



5 6 



8 9 10 11 12 13 14 15 16 















Execution Time {psec): 


96 . . 


Signal 


Origin. 


1 Cyc 


Tim 


Clk 


| Signal Component 


Origin 


Destination 


Operation Description 


EPSLL+ 
E1K17- 


128-H4 
127-L4 


F 
F 


TLATE 


L 
L 


(FCYEF+)(TLATE-) 

(TLATE-) 


128-F3 
127-J5 


101--116-A10 
116-D7/D9 


Enable P-register to 
adder 


TLATE 


Force carry-in to bit 16 


CLMTR- 


128-K8 


F 


TJL1 


R 


(MCRST-»)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Reset M-register 


CLDTR- 


125-J5 


F 


TL1 


R 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--H6-E7 


Clear D-register to 
ONEs 


CLFTL- 
ESDTS+ 


125-J7 
125-L4 


F 

F 


TL1 


L 
S 


(1CYEF-)(ACYEF-)(TL1FF+) 
(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 
125-A5 


120-Bl 
121-A5 
125-L10 

101--116- 
D4/D6/D8 


Reset F-register 
Reset shift counter 
Reset AZZZZ+ F-F 

Enable adder sum to 
D-register 


TlaTe 


MMnnE- 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPT 


129-J10 


F 


TL2 


R 


(EDPTL+)* 


129-F9 


101--116-H10 


Reset P-register 


EDPTS+ . 


129-L9 


F 


TL2 


S 


(EBPTL+)* 


129-F9 


101--116-G11 


Enable D-register into 
P-register 


EASTL+ 


127-Ll 


F 


TLATD! 




(GEN0PH}(TLATE+)(M01FF-) 


- 127-G10 


101--116-A5 


Enable A^register to 
adder 


EMSLL+ 


127-L10 


F 


TLATi>: 




(GEN0P+)fTLATE+)fM0IFF4 


127-G10 


108--116-A8 


Enable M(8- 16} to adder 


EMSHL+ 


127-L8 


F 


TLAT1>' 




(GEN0P+)(TLATE+)(M01FF-) 


127-G10 


101--107-A8. 


Enable M( 1-7) to adder 


ENSLL+ 


127-L5 


. F 


TLATE*: 




(GEN0Ff)(TLATE+)(M01FF-) 


127-G10 


108--116-A9 


Enable M- (8- 16) to adder 


ENSHL+ 
CLDTR- 


127-L7 
125-J6 


F 
F 


TLATE! 
TL3 


R 


(GEN0P+)(TLATE4)(M01FF-) 
(TL3FF+)(ACYLF-) 


127-G10 

125-D6 


101--107-A9 
101— 116-E7 ' 


Enable M- (1-7) to adder 
Clear D-register to 
ONEs 


CLETR- 


I25-J2 


F 


TL.3 . 


R 


(TL3FF+)(GEN0P*)(M01FF-) 

(M09FF+) 


125-D1 


101--116-K3 


Reset E-register 


ESDTS+ 


125-L4 


F 


TL3 


S 


(TL3FF+)(10GRP-) ' 


125-D6 


101 — 116- 

D4/D6/D8 


■Enable adder sum into 
D-register 


EBETS-f- 


125-L1 


F 


TL3 


S 


(TL3FF+)(GEN0Ff)(M01FF-) 
(M09FF+) @125-A1] 


125-D1 


101-rll6-J2 


Enable B-register into 
E«»register 


CLYTR- 


129-J3 


I 


TL4 


R 


( A C YNX - )( T L4FF+ )( MCR ST +} 


129-D3 


101--116-L11 


Reset Y-register 


CLATR- 


122-H7 


I 


TL4 


R 


(CLATL+j* 


122-F7 


101--116-H5 


Reset A-register 


CLBTR- 


123-J6 


F 


TL4 


R 


(MSG4G-)* 


123-E2 


101--116-H2 


Reset B-register 


EEATS+ 


122-L3 


F 


TL4 


S 


(M5G4G-)* 


122-F3 


101--110-G4 


Enable E (1-10) into 
A(l-10) 


EEALS+ 


122-J4 


1 


TL4 


s 


(M5G4G-)* 


122-F3 - 


.101--116-G4 


Enable Ef 11-16) into 
A(ll-16) 


EDBTS+ 


123-L2 


F 


TL4 


s 


(M5G4G-)* 


123-E2 


101--116-G3 


Enable D-register into 
B-register 


FCYEF+ 


119-Fi 


F 


TL4 


L 


(Set: (TL4FF+)(E01NS+)) 


119-D10 


119-H9 


Enable set FCYL.F+ at 
next TL1FF+ 


EPYTS+ 


129-LJ 


F 


TL4 


8 


(P1SEX-)(E01NS+)(TL4FF+)' 

(0PGJ8-) 


129-D4 


101--116-J11 


Enable P-register into 
Y-register 


MEMCI+ 


126-J11 


F 


TJ ■ 


h 


(MEMC1-) 


126-G11 


150-C1 


Enable set RCYF1 + 


RCYF1+ 


150-D.l 


F 


TJ 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


xxxx 


Start memory cycle 


* ED PT Lr 

*TLATE« 


f @ 129-1 
§» = ((TLJ 


^9 = ( 
>FF-)\ 


FCYEF+ 
'(TL3FF 


)(tl,2f: 
-))@n 


r+)(SCZR0+)(MEMAC-) @ 129-D8 
8-B7 






*CLATL 


+ @122-F 


% 7 = (M 

1 


L5G4G-) ( 


ai22»E 


7 = (GEN0B+)(TL4FF+)(M09FF+) @ 123-1 

; „ „ ™ . „ JL - J 


22 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



Ti 



FCYEF+ 



0-(M), 1's-(D) 

(P)+l * ADDER, - (F) 
ADDER -(D) 



12 



STROBE 
R 

S 



[eaJ -(m) 

0^(P) 
(D) *(P) 



T2 

& 
T3 

(FLAXE+) 



T3 



(A) ^APDEH 



1'i-(D) 
ADDER -(D) 



14 



- (A) f * (Y) 



(D) 
CD), 



i»8 
9-16 



^(A) s 



'9-16 
1-8 



(P) -(Y) 

DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY FF 



CLMTR-, CIDIH-* 
EPSLL+, E1K17-, CLFTL- 

ESDTS+ 



MMnrsE- 
CLPTR- 

EDPTS» 



EASTL+ 
fSEE NOTE) 



cloth- 

ESDTS^ 



CLATR-, ClYTR- 

ETALSf 

ETAHS+ 

EPYTS+ 

MEMC1 + 

FCYEFf 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE; MISSING SIGNALS CAN BE 
FOUND IN iCA ANALYSIS 



1CA 

1 CYCLE 
OPCODE 141340 
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^£!£££!i£2: : interchange Halves (ICA) 
OP Code : 141340 Type : G, 1 cycle 

Description : (A) 1-g - (A) 9 _ 16 



1 1 1 1 i— 



m- 



J™ 



liTIIITZ] °"T°T '! ° 



(A) 9-16 "* (A) l-8 



i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {/isec): 0. 96 



Signal 



EPSLL+ 

E1K17- 

CLMTR- 
CLDTR- 

JAMKN- 

CLFTL- 

ESDTS+ 

MMnnE - 

CLPTR- 
EDPTS- 

EASTL+ 

CLDTR- 

ESDTS+ 

EMSHL+ 
ENSHL+ 
EMSLL+ 
ENSLL+ 
JAMKN- 

CLATR- 
CLYTR™ 
ETALS+ 

ETAHS+ 

EPYTS+ 

MEMC1+ 

RCYF1+ 



Origin 



128-H4 

127-L4 
128-K8 
125-J5 

127-J5 
I25-J7 

125-L4 

153/160 

129-J10 
129-L9 

127-L1 

125-J5 

125-L4 

127-L8 
I27-L7 
127-L10 

127-L5 
127-J3 

122-H7 
129-J3 
122-K6 

122-L5 

129-L4 

126-J11 

150-D1 



Cyc 



F 
F 

F 

F 

F 

F 
F 
F 
F 
F 

F 
F 
F 

F 

F 

F 
F 



Tim 



TLATE 



Clk 



TLATE 

TLi 

TLI 

TLI 
TLI 

TLi 



TL2 
TL2 

TLATE 

TL3 

TL3 

TLATE4 
TLATE-f 
TLATEi 
TLATE+ 

TLATE+ 

TL4 
TL4 
TL4 

TL4 

TL4 

TL4 

TL4 



L 
R 
R 

L 
L 



R 
8 

L 

R 

5 

L 
L 
L 
L 
L 

R 

R 
S 

S 

S 

L 

5 



Signal Component 



(FCYEF+KTLATE-) 

(TLATE-) 

(MCRST+MH0LDM-MTL1FF+) 

(1CYEF»)(ACYEF-)(TL1FF+) 

[ (TLATE+MAC YEF+)] - 

( 1CYEF-MACYEF-HTL1FF+) 

(1CYEF»)(ACYEF™)(TL1FF+) 
(SWnnA+)(STRBl-f) 

(EDPTL+)(MCRST+)* 

(EDPTL+)(MCSET+) 

(GEN0P+)(TLATE+)(M02FF+) 

(TL3FF+HACYLF-) 

(TL3FF+)(10GRP-») 

(GEN0P+)(TLATE+)(M02FF+) 

(GEN0P+)(TLATE+){M02FF+) 
(GEN0P+)(TLATE+)(M02FF+) 

(GEN0P+)(TLATE+)(M02FF+) 
(GEN0P+)(M01FF+){M02FF+) 

(GEN0A+)(M11F+)(TL4FF+) 

(ACYNX-)(TL4FF+)(MCRST+) 

(GEN0A+)(M10FF+)(M11FF+) 

(GEN0A+MM09FF+MM11FF+) 

(P1SEX-)(E01NS+)(0PGJS~) 

{TL4FF+)(SPM0D~)(TLAFF-) 

(MCSET+)(MEMC1+)(RCYF1-) 



Origin 



*See gate A1A44-F at 129-D8 for EDPTL+ 



128-F3 

127-J5 
128-K8 
125-A5 

127-C3 
125-A5 

125-A5 

153/160 

129-H9 
129-H9 

129-G11 

125-D6 

125-D6 

127-G11 
127-G11 
127-G11 
127-G11 

127-C2 

122-D5 
129-D3 

122-D5/ 

H6 

122-D5/ 

H5 

129-D4/ 

H4 

126-F11/ 

Hll 

150-C2 



Destination 



101--116-A10 

116-D7/D9 

101--116-H9 

101--116-E7 

127-L4 

121-A5 

120-B1 
125-L10 

101--116-D4- 

D8 

101--116-H8 

101--116-H10 
101--116-G11 

101--116-A5 

101--116-E7 

101--116-D4- 

D8 

101--108-A8 

101--108-A9 

109--H6-A8 

109-116-A9 

101--116-D6 

101--116-H5 

101--116-L11 

109-116-D4 

101--108-D4 

101--116-K11 

150-C1 

150-D1 



Operation Description 



Enable P-register to 
adder 

Force carry to adder 

Clear M-register 

Clear D-register to 
ONEs 

Implement E1K17- 

Clear shift counter 
Clear F-register 
Clear AZZZZ F-F 

Enable adder sum to 
D-register 

Memory data set into 

M-register 

Clear P-register 

Enable D-register into 
P-register 

Enable A-register to 
adder 

Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

Enable M(l-7) to adder 

Enable M-(l-7) to adder 

Enable M(8-l6)to adder 

Enable M-(8- 16) to adder 

Force carry network to 
ZERO 

Clear A-register 

Clear Y-register 

Enable D(l-8) into 
A(9-16) 

Enable D(9-16) into 
A(l-8) 

Enable P-register to 
Y-register 

Enable set RCYFI + 



Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 












71 




IP . . 






R 

I 

S 


0-(M), 1's-p) 
(P)+ 1 -ADDER, - (F) 

ADDER -(D) 


CLMTR-, CLDTR« 
: EPSLL+, E1K17-, CLFTL- 
ESDTSf 














STR 




1L 






€3 BE 
S 


N -CM) 
(D) -(P) 


MMnnE- 
EDPTS- 














T2 

& 

T3 
CTLATE+) . _ _ 

T3 




< 








L 


(A) -.ADDER 


EASTL+ 


- — — 






i 






yjut i\v i &»/ 




r 

S 


l's ^(D) 

ADDER ^(D) 


CLDTR-* 
ESDTSf 














T4 




. 1 


L_ ^^_™ 






R 

S 

s 

L 
L 


^ (A), ^ (Y) 

< D >l-8 -(^16 
(P) MY) 

DEVELOP START MEMORY LEVEL 

SET F-CYCLE ENTRY FF 


CLATR-, CLYTR- 
ETALSf 
EPYTSf 
MEMC1 + 
FCYEF+ 




















< 


r 









NEXT INSTRUCTION 
FETCH CYCLE 



NOTE : 



MISSING SIGNALS CAN BE 
FOUND IN 1CL ANALYSIS 



ICL 

I CYCLE 

OP COSE 141140 
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— — 




-uange 


ana uiei 


ir jueit 


Halt (lOLj 


■ 


i~~! o ; o 


' ■ : -7 : i 


o r l I 


1 ' r 


r ~o ' ! 




OP Code- 


141 T4.0 


Fype : G 

Vl6 


, i cyc 


le 




'. . . . 


„_J_L__ 


^_ J 1 






Description: (A)j p - (A 


12 3 4 


5 6 7 


8 9 10 11 12 13 14 15 16 




0-*(A). Q 














'1-8 








Executior 


i Time (jisec): 0. 96 


Function 


Origin 


Cyc 


Tim 


Clk 


Boolean Expression 


Origin 


Destination 


Operation Description 


EPSLL+ 


128-H4 


F 


TLATE 


L 


(FCYEF+)(TLATE-) 


128-F3 


101--116-A10 


Enable P- register to 
adder 


E1K17- 


127- L4 


F 


Tlate 


L 


(TLATE-) 


127-J5 


I16-D7-D9 


Force carry to adder 


CLMTR» 


128-K8 


F 


TL1 


R 


(MCRST+HHOLDM-KTLIFF+) 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


I25-J5 


F 


TLi 


R 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs , 


CLFTL- 


125-J7 


F 


TLI 


L 


(lCYEF-)(ACYEF-)(TLlFF-») 


125-A5 


120-B1 
121-A5 
125-L10 


Clear F-register 
Clear shift counter 
Clear AZZZZ FF 


ESDTS+ 


125-L4 


r 


TLI 


S 


(1CYEF-)(ACYEF-)(TL1FF+) 


125»A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


MMnnE - 


153/160 








(SWnnA+){STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPTR- 


129-J10 


F 


TL2 


R 


(EDPTL+)(MCRST+)* 


129-H10 


101--116-H10 


Clear P-register 


EDPTS- 


129-L9 


F 


TL2 


S 


(EDPTL+)|MCSET+) 


129-H9 


101--116-G11 


Enable D-register into 
P-register 


ESDTS-f 


125-L4 


F 


TL3 


S 


(TL3FF+)(10GRP-) 


1.25-D6 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


EM5HL+ 


127-L8 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


101--108-A8 


Enable M(l-7) to adder 


ENSHL+ 


127-L7 


F 


TLATE 


L 


(GEN0P+HTLATE+HM02FF+) 


127-G11 


101--108-A9 


Enable M-( 1-7) to adder 


EMSLL+ 


127-L1Q 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-Gli 


109--116-A8 


Enable M(8-16) to adder 


ENSLL+ 


127-L5 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


127-G11 


109--116-A9 


Enable M»{ 8- 16) to adder 


JAMKN- 


127-J3 


F 


TLATE 


L 


(GEN0P+)(M01FF+)(M02FF+) 


127»C2 


101--116-D6 


Force carry network to 
ZERO 


EASTL+ 


127-L1 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 


129-G11 


101--116-A5 


Enable A-register to 
adder 


CLDTR- 


127-J5 


F 


TL3 


R 


(TL3FF+)(ACYLF-) 


I25-D6 


101 — 116-E7 


Clear D-register to 
ONEs 


CLATR- 


122-H7 


F 


TL4 


R 


(GEN0A+)(M11FF+)(TL4FF+) 


122-D5 


101--116-H5 


Clear A-register 


CLYTR- 


129-J3 


F 


TL4 


R 


(ACYNX-)(TL4FF+)(MCRST+) 


I29-D3 


101--116-L11 


Clear Y-register 


ETALS+ 


122-K6 


F 


TL4 


S 


(GEN0A+)(M10FF+)(M11FF+) 


122-D5/ 
H6 


109--116-D4 


Enable D-register (1-8) 

into A-register (9-16) 


EPYTS+ 


129-L4 


F 


TL4 


S 


(P1SEX-)(E01NS+)(0PGJS-) 


129-D4/ 

H4 


101--116-K11 


Enable P-register to 
Y-register 


MEMC1 + 


126-J11 


F- 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Hll 


150-C1 


Enable set RCYF1 + 


RCYF1+ 


150-Di 


F 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1») 


150-C2 


150-D1 


Start memory cycle 


*See g£ 

- 1 


ite A1A44 

.„ 1 


t-F at 


129-B8 f 
I 


or EDP 

___L 


TL+ 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEP+ 
















T! 




_ _ w 








R 

L 
S 


0-(M), 1 ! s^(D) 

(P)+1 - ADDER, * (F) 
ADDER -(D) 


CLMTR-, CLDTR- 

EPSLL+, E1K17-, CLFTL- 
ESDTSf 


















STR 
T2 












OBE 
R 

S 


0*1 -(^ 

(d) ^m 


MMnnE- 

CLPTR- 

EDPTS- 


















T2 

& 

T3 

(TLATE+) 




^_j 


? 








L 


(A) -.ADDER 


EASTL+ 
(SEE NOTE) 
















T3 




^.. . ■_ _ * 


L^_™_„ . 








R 

S 


i'f*(p) 

ADDER -(D) 


CLDTR- 
ESDISf 


















T4 






r____ 








S 

s 

L 
L 


— 

• (A), - (Y) 
(D) 9 _ 16 ^(A)^ 8 
« -00 
DEVELOP START MEMORY LEVEL 

SET F-CYCLE ENTRY FF 


CLATK-, CLYTI- 
ETAHSf 
EPYTSf 
MEMC1 + 
FCYEFf 




















1 


r 








1CR 

1 CYCLE 



NEXT INSTRUCTION 
FETCH CYCLE 



OP CODE 141240 



NOTEi MISSING SIGNALS CAN BE 
FOUND IN ICR ANALYSIS 
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l££JEE£M££ : Interchange and Clear Right Half (ICR) 
Qg Code : 141240 ZZE£ : G ? 1 cycle 

E^£IJ£^2R' ( A ) 9 „ 16 - (A)^ 8 
0- ( A ) f 



il j JZ • _i I^LLL^EIZli 



]^X1^ToT"q„ 



; 9-16 



Signal 



EPSLL+ 

E1K17- 

CLFTL- 

CLMTR- 
CLDTR- 

ESDTS+ 

MMnnE - 

CLPTR- 
EDPTS- 

EASTL+ 

EMSHL-f 

ENSHL+ 

EMSLL+ 

ENSLL+ 



Origin 



128-H4 

127-L4 
125-J7 

128-K8 
125-J5 

125-L4 

153/160 

129-J10 

129-L9 

127-L1 

127-L8 
127-L7 
127-L10 

I27-L5 



Cyc 



Tim 



TLATE 



F 
F 

F 

F 

F 

F 

F 



TLATE 
TLI 

TLI 
TLI 

TLI 



TL2 
TL2 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (j^sec): o. 96 



Clk 



L 
1. 



R 
R 



Signal Component 



R. 
S 

L 

L 

L 

L 
L 



(FCYEF+)(TLATE-) 

(TLATE-) 
(1CYEF-)(ACYEF-)(TL1FF+) 

(MCRST+)(H0LDM-)(TL1FF+) 
(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(SWnnA + )(STRBl + ) 

(EDPTLH-)(MCRST+) * 

(EDPTL+)(MCSET+) 

(GEN0P+)(TL,ATE+)(M02FF+) 

(M09FF+) 

(GEN0P+)(TLATE+)(M02FF+) 

(M09FF+) 

(GEN0P+)(TLATE+)(M02FF+) 

(M09FF+) 

(GEN0Pt)(TLATE+)(M02FF+) 

(M09FF+) 

|GEN0P+)(TLATE-f)(M02FF+) 
(M09FF+) 



Origin 



128-F3 

127-J5 
125-A5 

128-K8 
125-A5 

125-A5 
153/160 

129-H10 

129-H9 

127--G11 
127-G11 
127-G11 
127-G11 
127-G11 



Destination 



♦See gate AIA44-F at 129-D8 for EDPTL+ 



CLDTR- 
ESDTS+ 

CLATR- 
ETAHS+ 

CLYTR- 
EPYTS+ 

MEMCI+ 

RCYFI+ 



127-J5 
125-L4 

122-H7 

122-L5 

129-J3 
129-L4 

126-J11 

150-D1 



F 

F 

F 
F 

F 
F 

F 

F 



TL3 
T.L3 

TL4 

TL4 

TL4 

TL4 

TL4 
TL4 



R 

S 

R 
S 

R 
S 

L 

S 



(TL3FF+)fACYLF-) 

(TL3FF+)(10GRP-) 

(GEN0A+)(M11FF+)(TL4FF+) 
(GEN0A+)(M09FF+)(M11FF+) 

(ACYNX-)(TL4FF+){MCRST-H 
(P1SEX-)(E01NS+)(0PGJS-) 

(TL4FF4)(SPM0D-)(TLAFF-) 

(MCSET+)(MEMC1+)(RCYF1-) 



125-D6 
125-D6 

122-D5 

122-D5/ 
H5 

129-D3 

129-D4/ 

H4 

126-F11/ 

Hll 

150-C2 



101--116-A10 

116-D7/D9 

120-B1 
121-A5 

125-L10 

101--116-H9 

101--116-E7 

101--116-D4- 

D8 

101--116-H8 

101--116-H10 
101--116-G11 

101--116-A5 

101--108-A8 

101--108-A9 

109--116-A8 

109--116-A9 



Operation Description 



101--H6-E7 

101 — 116-D4- 

D8 ' 

101--116-H5 
101--108-D4 

101--U6-L11 
101 — 116-Kil 

150-C1 

150-BI 



Enable P-register to 
adder 

Force carry to adder 

Clear F-register 
Clear shift counter 
Clear AZZZZ F-F 

Clear M-register 

Clear D-register to 
ONEs 

Enable adder sum to 

D-register 

Memory data set into 
M-register 

Clear P-register 

Enable D- register into 
P-register 

Enable A-register to 
adder 

Enable M(l-7) to adder 
Enable M-(l-7) to adder 

Enable M(8- 16) to adder 
Enable M-(8- 16) to adder 



Clear B-regisfer to 
ONEs 

Enable adder sum to 
D-register 

Clear A-register 

Enable D(9-16) into 
A(l-8) 

Clear Y-register 

Enable P-register to 
Y-register 

Enable set RCYF1+ 
Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



II 



T2 



R 
L 

S 




(P) + 1 


~(M), l e * * (D) 

* ADDER, - (f) 
ADDER - ; 


— — - 


„__ 


1 


■ 


STROBE 
R 

S 




- 
(D) . 


. (M) 

- (P) 
* (P) 



T3 



CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTSf 



MMnnE- 

CIPTR- 

EDPTS+ 



RESET INTERRUPT' 



T4 



0-00 

(P)*(Y) 

DEVELOP START MEMOIY LEVEL 
SET P-CYCIE ENTRY F-F 



CLRP! 



ClYTR- 
EPYTSf 
MEMC1+ 

FCYEPt- 






NEXT INSTRUCTION 

FETCH CYCLE 



INH 

1 CYCLE 

OP CODE 001001 
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Instruction: Inhibit Program Interrupt (INH) 
Type: G s 1 cycle 



OP Code: 001001 



: , o | ) oj_f 



^ww 



° , ° ■ o 



±1± 



Description: Set machine status to inhibit interrupt 



Signal 



EPSLL+ 
E1K17- 

CLMTR- 

CLDTR- 

CLFTL- 

ESDTS+ 
MMnnE - 
CLPTR- 
EDPTS-f 
CLR PI 

CLYTR- 

EPYTS+ 

MEMC1+ 
RCYF1+ 



Origin 



I28-H4 
127-L4 

128-K8 
125-JS 

125-J7 

125-L4 
153/160 
129-J10 

I29-L9 
134- A2 

129-J3 

129-L5 

126-J11 
150-D1 



Cyc 



F 

F 

F 

F 
F 

F 

F 



Tim 



tlate 



TLI 
TLI 

TLI 
TLI 



TL2 

TL2 
TL3 

TL4 

TL4 

TL4 
TL4 



Clk 



L 

L 

R 
R 



R 
S 

s 

R 

5 

JL 

S 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {^sec): 0. 96 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

{MCRST+){H0LDM-)(TL1FF+} 
(1CYEF-)(ACYEF-)(TL1FF-U 

(1CYEF-)(ACYEF=)(TL1FF+) 

(1CYEF-)(ACYEF»)(TL1FF+) 

(SWnnA^)(STRBl + ) 

(FCYEF+)(TL2FF+)(SCZR0'+) 

(MEMAC-HMCRST+) 

(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCSET+) 

(GEN0B+)(M07FF+)(TL3FF+) 
(MCSET+) 

(SCZR0-)(TL4FF+)(MCRST+) 

(PlSEX-)(E01NS-f)(TL4FF+) 
(0PGJS-)(MCSET+) 

(TL4FF+)(SPM0D~)(TLAFF-) 
(MCSET+)(MEMC1+XRCYF1-) 



Origin 



Destination 



128-F3 

127-C3/ 

J6 

128-K8 
125-A5 

125-A5 



125-A5 

153/160 

129-D7/ 

H9 

129-H9 

134-A2 

129-D2 
129-D4 



126-F11/ 
Hll 

15Q-C2 



101--116-A10 
116-D7-D9 

101--116-H9 
101--116-E7 

120-B1 
121-A5 

125-L12 

101--116-D4- 

D8 

101--116-H8 

101--116-H10 

101--.116-G11 

134-E4 

101--116-G7 
101--116-K11 

150-C1 

150-D1 



Operation Description 



Enable P-register to 

adder 

Force carry to adder 



Clear M-register 

Clear D-register to 
ONEs 

Clear F-register 
Clear shift counter 
Clear AZZZZ F-F 

Enable adder sum to 

D-register 

Memory data set into 

M-register 

Clear P-register 

Enable D-register to 

' P-register 

Inhibit interrupt 

Clear Y-register 

Enable P-register to 

Y-register 

Enable set RCYF1+ 

Start memory cycle 
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-— -— — - — 


R 


ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEB- 
CLMTR-, CLDTR- 




— ._„ 


. f 


' 






-(M), 1 8 s -(D) 






Tl 


I 


(P) + 1 - ADDER, - (F) 


EPSLL+^ E1K17-, CLPTL- 








$ 


ADDER 


-(D) 


ESDTSf 








STROBE 




[EA] -(M) 


MMnnE- 






T2 


R 


o • (?) ■ 


CLPTR- 








S 


(D) ^ (P) 


EDPTS+ 














T2 




■ 








& 

T3 
(TLATE) 


I 


(A) - ADDER 


EASTL+ (SEE NOTE) 
















R 


•■■• 


CLDTR» 






l't - (D) 






T3 


S 


ADDER 


- (D) 


ESDTS+- 








L 


1 
(C) -A,, DP MOD 


^A^PMIND -A * 


1 NK0P+ 








L 


SHIFT COUNT - (A) n -16** 


EEALSf 








R 


- (A) # « * (Y) 


CLATR-, CLYTR- 






■■ . T4 


S 


(P) - (Y) 


EPYTS+ 








L 


DEVELOP START MEMOIY LEVEL 


MEMC1+ 

















T 



NEXT 1NSTI0CT1ON 
FETCH CYCLE 

NOTE; MISSING SIGNALS CAN BE 
FOUND IN INK ANALYSIS 

* APPLICABLE ONLY WHEN COMPUTER 
IS EQUIPPED WITH MEMORY EXPANSION 
OPTION 

** APPLICABLE ONLY WHEN COMPUTER 

IS EQUIPPED WITH HIGH SPEED ARITHMETIC 
UNIT OPTION 



3679 



INK 

1 CYCLE 

OP CODE 000043 
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l££i£E£!i££ : la P«t Keys (INK) 

2EJ?JiSt± : 000043 Type: G s 1 cycle 

Description: (C) - Aj (PM1) -*A 3 

"|DPMode)-A 2 0-*(A)4. u 

Shift count -* (A)i2-16 



TJT|o]T"o Rill ° 



EZZ 



ZZCZnillTZ' 



8 9 10 11 12 13 14 15 16 



12 3 4 5 6 7 

Execution Time (^sec): 0. 96 



Signal 



EPSLL+ 

E1K17- 

CLFTL- 

CLMTR- 
-CLDTR- 

ESDTS+ 

MMnnE- 
CLPTR- 

EDPTS+ 

EASTL-f 

EMSHL+ 
ENSHL+ 
EMSLL+ 
ENSLL4- 
CLDTR- 

ESDTS+ 

1NK0P+ 

EEALS+** 

MEMC1+ 
CLATR-** 

CLYTR- 

EPYTS+ 

RCYF1 + 



Origin 



128-H4 

127-L4 
125-J7 

128-K8 

I25-J5 

125-L4 

153/160 

129-J10 

129-L9 

127-L1 

127-L8 
127-L7 
127-L10 

127-L5 

125-J6 

125-L4 
122-L8 

122-K4 
126-Jll 

122-H7 

129-J3 

129-L4 

150-D1 



Cyc 



Tim 



Clk 



TLATE- 

TLATE- 
TL1 

TL1 
T.L1 

TLi 

TL2 

T.L2 

TLATE 

TLATE 
TLATE 
TLATE 
TLATE 
TL3 

TL3 

TL4 

TL4 
TL4 
TL4 

TL4 

TL4 

TL4 



L 
L 



R 
R 



R 

S 

L 

L 
L 
L 
L 

R 

S 
L 

L 

L 

R 

R 
3 



Signal Component 



(FCYEF+KTLATE-) 

(TLATE-) 

( 1CYEF-HACYEF-MTL1FF+) 

(MCRST+)(H0LDM-){TL1FF+) 

1 1CYEF-)(ACYEF-)(TL1FF+) 

(MCRST+) 

( 1CYEF~)(ACYEF-)(TL1FF+) 

(MCSET+) . 
(SWnnA+)(STRBl+) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCRST+) 

(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCSET+) 

(GEN0P+)(TLATE+)(M01FF-) 

(GEN0P+)(TLATE+)(M01FF-) 
(GEN0P-t)(TLATE+)(M01FF-) 
(GEN0P4)(TLATE+)(M01FF-) 
(GEN0F+)(TLATE+)(M01FF-) 

(TL3FF+)(ACYLF-)(MCRST+) 

(TL3FF+)(ACYLF-)(MCSET+) 

(GEN0B+)(M11FF+)(M15FF+) 

(TL4FF+) 

(GEN0B+)(M1 1FF+)(TL4FF+) 
(TL4FF+)(SPM0D~)(TLAFF-) 

(GEN0B+)(M1 1FF+)(TL4FF+) 

(MCRST+) 

(ACYNX-)(TL4FF+)(MCRST+) 

(P1SEX-)(E01NS+)(0PGJS-) 

(MCSET+) 

(MCSET-I)(MEMC1+)(RCYF1-) 



Origin 



128-F3 

127-J5 
125-A5 

128-K8 
125-A5 

125-A5 

153/160 

129-D8 

129-H9 

127-G9 

127-G9 
127-G9 
127-G9 
127-G9 
125-D6 

125-D6 

122-G8 

122-D4 

126-F11/ 

Hll 

122-D4 

128-D3 

129-D4/ 

H4 

150-C2 



Destination 



101--116-A10 

116-D7/D9 

120-B1 

121-A5 
125-L10 

101--116-H9 
101--116-E7 

101--116-D4- 

D8 

101--116-H8 

101--116-H10 

101--116-GU 

101--116-A5 

101--107-A8 
101--107-A9 
107— 116-A8 
108--116-A9 
101--116-E7 



101--116-D4- 

D8 

101--103-J6 



111--116-G4 

15.0-C1 

101--116-H5 

101--116-L11 

101 — 116-K11 

150-D1 



Operation Description 



* Applicable only when computer is equipped with Memory Expansion Option 
** Applicable only when computer is equipped with high speed Arithmetic Unit Option 

— - — -J— — J— _ L__L l_ i • i 



Enable P-register to 
adder 

Force carry to adder 

Reset F-register 
Reset shift counter 
Reset AZZZZ FF 

Reset M« register 

Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

Memory data set into 
M-register 

Clear P-register 



Enable D-register into 
P-register 

Enable A-register to 
adder 

Enable M(l-7) to adder 

Enable M-(l-7) to adder 

Enable M(8-16) to adder 

Enable M-(8»l6)toadder 

Clear D-register to 
ONEs 

Enable adder sum to 
D-register 

CB1TF into Ai 
DPM0D into A 2 
PM1NB into A3* 

Enable E(ll-16) into 
A(ll-16) 

Enable set RCYF1+ 

Clear A -register 

Clear Y~register 

Enable P- register to 
Y -register .*: 

Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



Ti 



T2 



STROBE 
R 
S 



13 



14 



FCYEFf 



-(M), 1 8 i -(D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



CLMTR-, CLDTR- 

EPSLL+, eiki7- # clftl- 

ESDTS+ 



[EA] -<M) 

o -o>> 

(D) * (P) 



MMnnE- 
CLPTR- 

EDPfS- 



l't -.(D) 
(P) + i * ADDER 
ADDER - (D) • 



CLDTR- 

EPSLL+, E1K17- 
ESDTSf 



-(Y) 

. (P) * (Y) 
DEVELOP START MEMORY LEVEL, 
SET F-CYCLE ENTRY FF 



ciyre- 

EPYTSf 

MEMCI+ 

FCYEF+ 



NEXT INSTRUCTION 

FETCH CYCLE 



NOP 

1 CYCLE 

OP CODE 101000 
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Instruction: No- Operation (NOP) 
OF _ Code: 101000 Type: G, 

Description: No operation' 



1 cycle 



tillE 



jJ7{T^fFyT[T 



TTTT"oTTTTyo" 



-L. 



JL 



A^Z^L, 



^Signal . Origin 



EPSLL+ 

E1K17- 

CLMTR- 
CLDTR- 

CLFTL- 

ESDTS+ 
MMnnE- 
CLPTR- 
EDPTS+. 

EPSLL+ 

E1K17- 
CLDTR- 

ESDTS+ 

CLYTR- 

EPYTS+ 

MEMCI+ 
RCYF1 + 



128-H4 

1Z7-L4 
128-K8 
12S-J5 

125-J7 

125-L4 

153/160 

129-J10 

I29-L9 
128-H4 

I27-L4 
125-J5 

125-L4 

I29-J3 

129-L4 

126-J11 
150-D1 



€ye 



F 
F 
F 



F 
F 
F 
F 

F 
F 



Tim 



TLATE 



TLATE 

TL1 

TL1 

TL1 
TL1 



TL2 
TL2 



TL3 
TO 
TL4 
TL4 

TL4 
TL4 



Clk 



L 

R 
R 



R 
8 



R 

S 
R 
S 

L 

S 



1 2 3 4 5 6 7 8 9 10 11 12 13 14. 15 16 

Execution Time fpsec): 0.96 



Signal Component 



CFCYEF+KTLATE-) 

(TLATE-) 

(MCRST+)(H0LDM-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(1CYEF-)(ACYEF-)(TL1FF4) 

(1CYEF-)(ACYEF-)(TL1FF+) 

(SWnnA-)(STRBl+) 

(FCYEF+)(TL,2FF+)(SCZR0+) 
(MEMAC-)(MCRST+) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCSET+) 
(SKGRP+) 

(5KGRP+) 

(TL3FF+)(ACY1,F-)(MCRST+) 

( 10GRP-)(TL3FF+)(MCSET+) 

(ACYLF-)(TL4FF+)(MCRST+) 

(P1SEX-)(E01NS+)(TL4FF+) 
(0PGJS-)(MCSET4) 

(TL4FF+)(SPM0D-)(TLAFF-) 

(MCSET+)(MEMC1+)(RCYF1-) 



Origin 



128-H8 

127-L4 
128-K8 
125-A5 

125-A5 

125-A5 
153/160 

129-D7/ 

H9 

129-H9 
128-H8 

127-J6 
125-D5 

125-D6 

129-A1/ 

D3 

129-D4 



126-F11, 

Hll 

150-C2 



Destination 



101 — 116-A10 

116-D7-D9 
101— 116-H9 
101— 116-E7 

120-B1 
121- A3 
125-L12 

101--116-D4- 

D8 

101— 116-H8 
101--116-H10 

101— 116-G11 
101— 116-A10 

116-D7-D9 
101 — 116-E7 

101--116-D4- 

D8 

101--U6-L11 
101--116-K11 

150-C1 
150-D1 



Operation Description 



Enable P-register to 
adder 

Force carry to adder 

Clear M-register 

Clear D-register to 
' ONEs 

Clear F-register 
Clear shift counter 
Clear AZZZZ F-F 

Enable adder sum to 
D-register 

Memory data set into 

M-register 

Clear P~register 

Enable D-»register to 

P-register 
Enable P-register to 

adder 

Force carry to adder 

Clear B-register to 
ONEs 

Enable adder sum to 
D-register 

Clear P-register 

Enable P-register to 
Y-register 

Enable set RCYFlf 

Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 


ACYEP+ 














L 








INHIBIT -. (M) 


HOLDM- 






L 
R 


(M) 7 ^ 16 - ADB^ |6 
1's - (D), l's -(E) 


CLDTR-, CLETR- 




Tl 


L 
L 

L 


(P) + 1 * ADDER 
A! - CB1TF, A 2 - DPM0D f A3 - EXTMODE 


EPSLL+, E1K17- 
SMK09+, 
CMK09- 






S 


ADDER - (D) 


ESDTSf 






L 


] * AZZZZ FF 


SETAZ+ 












T2 




. __ ___ .. _.„„$ ..._ „ _ ..„ _. ... 




















T3 


L 


1 


r 














' 






DEVELOP START MEMORY LEVEL 


MEMC1 + 






R 


-(Y) 


CLYTR- 




T4 


S 


(P) * (Y) 


EPYTS+ 






S 


START MEMORY 


RCYF1 + 


__— . 


.— .«- — «— «__ ... 


__-__„____. 


___________ __ . 








1 


r 





NEXT INSTRUCTION 
FETCH CYCLE 



s@?i 



OIK 

2 CYCLES . 

OP CODE 171020 
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I 



iliiZLillll 



l 8 



: ' :° I ° : ° 



OP Code: 171020 Type : I/O, 2 cycles 

Description: A X -* (C) A 3 -(Ext mode) 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 

A2 - (DP Mode) ° ■* E ll 

( A hl-16 = Shift count -(E)] i.j 6 Execution Time (^sec): 1.92 



Signal 



ADB7-16 
0TB01-16 
EPSLL+ 

SMK09+ 



H0LDM- 
CLDTR- 

E1K17- 

CMK09- 

ESDTS+ 

SETAZ+ 

MEMC1+ 

CLYTR- 

EPYTS+ 

RCYF1 + 



Origia 



138-11 
138-E/L 

128-H4 

122-L9 



128-H8 
125-J5 

127-L4 

122-L7 

125-L4 

125-J9 

126-J11 

129-J3 

129-L5 

150-D1 



Cyc 



Tim 



TL1 
TLi 
TLI 
TLI 
TLI 
TL4 
T.L4 
TL4 
TL4 



Clk 



R 
L 
L 
5 
L 
JL 
R 
S 
S 



Signal Component 



(DMCCY-)(M__FF+) 

(A01FF+) through (A16FF+) 
(10GRP+) 

(SMKXX+)(FCX00+)(ADB07+) 



(10GRP+)(ACYEF+) 

(ACYEF+)(TLlFF-t}(JSTOP-) 
( lRS0P-)( 1MA0P-HMCRST+) 

(ACYLF+)(SUBGP~) 

(SMK09+MTL1FF+) 

(ACYEF+)(TL1FF-H(JST0P-) 
(1RS0P-)(1MA0P-)(MCSET+) 

(SMKXX-) 

(TL4FF+)fSPM0D-MTLAFF-) 
(ACYNX-MTL4FF+MMCRST+) 

(P1SEX-)(E01NS+)(TL4FF+) 

(OPGJS-)(MCSET+)(DMCRQ-) 

(MCSET+)(MEMC1+)(RCYF1-) 



Origin. 



138-11 
138-C/J 

128-D5 

122-G9 



128-H8 
125-D4 

127-A6/ 
E7 

122-L7 
125-D4 
125-J9 

126-F11/ 

Hll 

129-Bl/ 

Dl 

129-D4/ 

H4 

150-C2 



Destination § Operation Description 



(See main frame wire list) 
(See main frame wire list) 



101— 116-A10 

122-L7 
U1-L4 
112-116-L4 

124-F2 
128-K8 
101--116-E7 

I16-D7-D9 
117-B1 

124-F2 
125-E2 

101— 116-D4- 

D8 

125-L9 

150-C1 

101--116-G7 

101--116-K11 

150-D1 



Enable P- register to 
adder 

Enable generate CMK09* 
Reset E-register bit II 
Enable A( 1 1- 16) into 

E(ll-16) 
Enable reset CB1TF 

Inhibit M-register clear 

Clear D-register to 
ONEs 

Force carry to adder 



Enable set CB1TF 

Enable generate CLETR 

Enable adder sum to 
■D-register • 

Set AZZZZ on trailing 
edge of MCSET 

Enable set RCYF1 + 

Clear Y-register 

Enable P- register into 
Y-register 

Start memory cycle 
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ENTER PHQM PIEVIOUS OPE1ATION 
(FETCH CYCLE ENTRY ENABLED) 



I! 



0-(M), l-i-fl)) 
0>)+1 -ADDER, - (F) 

ADDER -(D) 



12 



STROBE 

, R 

S 



CIMTR-, CLDTI- 
EPSLL+, E1K17-, CLFH- 

ESDTSf- 



fHj -CM) 
(D) -fr) 



T2 

& 

T3 

(TLATE+) 



¥3 



(A) *AODEI 



CIPTR- 

EDPTS- 



EASTL+ 

C$EE NOTE) 



l's-(D) 

ADDER -(D) 



T4 



CIDTR- 

ESDISf 



- CB1TF 
- (Y) 
(P) - (Y) 
DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 



(SEE NOTE) 
QYTR- 
EPYTS+ 
MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



HOTii MISSING SIGNALS CAN BE 
FOUND IN RCB ANALYSIS 



RGB 

i CYCLE 

OP CODE 140200 



34 as 
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Instruction: Reset C to ZERO (RGB) 

OP Code : 140200 Type : G s 1 cycle 

Description: =* (C) 



T\ i MB^fiBSI o" 



__^^_^ ^^ Q | Q 



2 3 4 5 6 7 

Execution 



8 9 10 11 12 13 14 15 16 
Time (pjsec): 0. 96 



Signal 


Origia 


Cyc 


Tim. 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPSLL+ 
E1K17- 


128-H4 
127-L4 


F 

F 




L 
L 


(FCYEF+)(TLATE-) 

(TLATE-) 


128-F3 

I27-C3/ 

J6 


101--116-A10 
116-D7-D9 


Enable P-register to 
adder 

Force carry to adder 


TLATE 


TLATE 


CLMTR- 


128-K8 


F 


TL1 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Clear M~register 


CLDTR- 


125-J5 


F 


TL1 


R 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs 


CLFTL- 


125-J7 


F 


TL1 


L 


(1CYEF-)(ACYEF-)(TL1FF+) 


12S-A5 


120-B1 
121-A5 

125-L12 


Clear F-register 
Clear shift counter 
Clear AZZZZ F-F 


ESDTS+ 


125-L4 


F 


TL1 


S 


( 1CYEF-)(ACYEF-)(TLIFF+) 


125-A5 


101--1I6-D4- 
D8 


Enable adder sural to 
D~ register 


MMnnE - 


153/160 








(SWnnA-)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPTR- 


129-JIO 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCRST+) 


129-D7/ 

H9 


101— 116-H10 


Clear P-register 


EDPTS+ 


129-L9 


F 


TL2 


S 


(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC»)(MCSET+) 


129-H9 


101--116-G11 


Enable D-register to 
P-register 


EASTL+ 


127-L1 


F 


TLATE 


L 


(GEN0P+)(TLATE+){M02FF-f) 
(M09FF+) 


127-GH 


101--116-A5 

117 B/D 


Enable A-registar to 
adder 


JAMKN- 


127-J3 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M02FF+) 
(M09FF+) 


127 -Gil 


101--116-D6 


Jam carry network 


EMSHL+ 


127-L8 


F 


TLATE 


L 


(GEN0P-f)(TLATE+)(M02FF+) 
(M09FF+) 


• 127-G11 


101— 107-A8 


Enable M(I-7) to adder 


ENSHL+ 


127-L7 


F 


TLATE 


L 


(GEN0P J r)fTLATE"f)|M02FF-f-) 
(M09FF4-) 


127-G11 


101— 107-A9 


Enable M-( 1-7) to adder 


EMSLL+ 


127-L10 


F 


TLATE 


L 


(GEN0P+)(TLATE+){M02FF+) 
(M09FF+) 


127-G11 


108--116-A8 


Enable M(8-16) to adder 


BNSLL+' 


127-L5 


F 


TLATE 


L 


(GEN0P-H(TLATE+)(M02FF+) 

(M09FF+) 


127-G11 


108— 116-A9 


Enable M-(8-16)to adder 


CLDTR- 


125-J5 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-D5 


101--116-E7 


Clear D-register to 
ONEs 


ESDTS+ 


125-L4 


F 


TL3 


S 


(TL3FF+)(10GRP-)(MGSET-S-) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CB1TF 


124- L2 


F 


TL4 


R 


(GEN0A+)(M09FF+)(M11FF-) 

(TL4FF+)(D1V0P»)(MCRST4) 


124- A2 


124-L1 


Reset CB1TF 


CLYTR- 


129-J3 


F 


TL4 


R 


(SCZR0+KTL4FF+KMCRST4-) 


129-D2 


101--116-G7 


Clear Y-register 


EPYTS+ 


129-L5 


F 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 

(0PGJS-)(MCSET+) 


129-D4 


101--116-K11 


Enable P-register to 

Y-register 


MEMC 1 + 


126-J11 


F 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-Fll/ 
Hll 


150-C1 


Enable set RCYF1 + 


RCYF1+ 


150-D1 


F 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


15Q-C2 


150-D1 


Start memory cycle 
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T1 



12 





ENTER FROM PIEVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


mmmmma _ _ _ _ 


_. _ _ _ - 




... . _, M _.._ 




1 

L 

S 


0^(M) # l't-(D) 

(P)+l * ADDER, 0^ (F) 

ADDER -(D) 




— — 


w 


— 


STROBE 
R 

S 


[ea] -(m) 

O^f) 
(D) -«P) 





FCYEB- 



CLMTR-, CIPTR- 
EPSLL+, E1K17-, CLFTL- 

ESDTS+- 



T2 

& 

T3 

(TLATE+) 



13 






(A) ^AODEt 



MMnnE- 
CLPTR- 

EDPTS= 



EASTL+ 
(SEE NOTE) 



1 8 $^(D) 
AOPEI -(D) 



T4 



CIDTR- 
ESDTSf 



1 - CB1TF 
*(Y) 
« -(Y) 

DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 



(SEE NOTE) 
CLYTR- 
EPYTS+- 
MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 

FETCH CYCLE 



NOTEj MISSING SIGNALS CAN BE 
FOUND IN SCI ANALYSIS 



SCB 

1 CYCLE 

OF CODE 14Q6QQ 
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Instruction : Set C to ONE (SCB) 
OP_Code: 140600 Type : G, 

Description: 1— (C) 



1 cycle 



1 


TttToTV 





i ; i ; o 


o :o : o 


J J 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (^sec): 0. 96 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPS11+ 


128-H4 


F 


T1ATE 


1 


(FCYEF+HT1ATE-) 


128-F3 


101--U6-A10 


Enable P-regisfer to 
adder 


E1K17- 


127-14 


F 


tiaTe 


1 . 


(T1ATE-) 


127-C3/ 
J6 


116-D7-D9 


Force carry .to adder 


CLMTR- 


128-K8 


F 


Til 


R 


(MCRST+MH01DM»)(T11FF+) 


128-K8 


101--116-H9 


Clear M-register 


C1DTR- 


125-J5 


F 


Til 


R 


(1CYEF-HACYEF-MT11FF4-) 


125-A5 


101 — 116-E7 


Clear D»register to 
ONEs 


C1FTL- 


125-J7 


F 


Til 


1 


(1CYEF~)(ACYEF-MT11FF+) 


125-A5 


120-B1 
121-A5 
125-112 


Clear F»register 
Clear shift counter 
Clear AZZZZ F-F 


ESDTS+ 


125-L4 


F 


Til 


S 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101— 116-D4- 
D8 


Enable adder sum to 
D-register 


MMnnE - 


153/160 








(SWnnA-)(STRBl+) 


153/160 


101— 116-H8 


Memory data set into 
M-register 


C1PTR- 


129-J10 


F 


T12 


R 


(F'C'YEF+)(T12FF+)(SCZR0+) 

(MEMAC~)(MCRST-f-) 


129-D7/ 
H9 


101--116-H10 


Clear P-register 


EDPTS+ 


129-19 


F 


T12 


S 


(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAG-){MCSET+) 


129-H9 


101--116-G11 


Enable D-register to 
P- register 


EASTL+ 


127-1,1 


F 


TIATE 


1 


(GEN0P-f-)(TlATE+)(M02FF-f-) 
(M09FF+) 


127-G11 


101--116-A5 

117 B/D 


Enable A-register to 
adder 


JAMKN- 


127-J3 


F 


TIATE 


1 


(GEN0P+)(T1ATE+)(M02FF+) 
(M09FF+) 


127-G11 


101--116-D6 


Jam carry network 


EMSHL+ 


127-18 


F 


TIATE 


1 


(GEN0P+)(T1ATE+)(M02FF+) 
(M09FF+) 


127-G11 


101--107-A8 


Enable M(l-7) to adder 


ENSH1+ 


127-17 


F 


TIATE 


1 


(GEN0P-f)(TlATE-f)(M02FF-f) 

(M09FF+) 


127-G11 


101--107-A9 


Enable M-(l-7) to adder 


EMS11+ 


127-110 


F 


TIATE 


1 


(GEN0P+MT1ATE+KM02FF+) 
(M09FF+) 


127-G11 


108--116-A8 


Enable M(8-l6) to adder 


ENS11+ 


127-15 


F 


TIATE 


1 


(GEN0P+)(T1ATE+)(M02FF+) 
(M09FF+) 


127-G11 


108--U6-A9 


Enable M-(8» 16) to adder 


C1DTR- 


125-J5 


F 


T13 


R 


(TL3FF+)(ACY1F-)(MCRST+) 


125-D5 


101— 116-E7 


Clear D-register to 
ONEs 


ESDTS+ 
CB1TF 


125-14 
124-12 


F 
F 


T13 
T14 


S 
S 


(T13FF+)(10GRP-)(MCSET+). 

(MCSET+)(GEN0A+)(T14FF+) 

(M08FF+H.M09FF+) 


125-A5 

124-D6 


101--U6-D4- 

D8 

124-12 


Enable adder sum to 
D-register 

Set CB1TF 


ClYTR-» 


129-J3 


F 


T14 


R 


(SCZRQ+)(T14FF-h)(MCRST4) 


129-D2 


101--116-G7 


Clear Y-register 


EPYTS+ 


129-15 


F 


T14 


S 


(P1SEX-)(E01NS+)(TL4FF+) 

(0PGJS-){M€SET+) 


129-D4 


101 — 116-K11- 


Enable P-*register to 
Y»register 


MEMC1+ 


126-J11 


F 


T14 


1 


(T14FF+)(SPM0D-)(T1AFF-) 


126-F11/ 
Hll 


150-C1 


Enable set RCYF1+ 


RCYF1+ 


150-D1 


F 


T14 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


150-D1 


Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYER- 



0-(M), Ts^CD) 

(P) + l -ADDER, 0- (F) 

ADDER -(D) 



T2 



STROBE 
R 
S 



OLMTR-, GLDTR- 

EPSLL+, E1K17-, am- 

ESDTS+ 



[ea| *<m) 

(d) An 



13 



MMnnE- 
CLPTR- 

EOPTS- 



1'$ - (D) 
(P) + 1 ■* ADDER 

ADDER - (D) 



CLDTR- 
EPSLL+, E1K17- 

ESDTSf 



NO 



14 




ves 



-(Y) 

(P) -(Y) 



(SEE NOTE) 

CLYTR- 
EPYTS+ 



* 0»)f - (Y) 
(D) * <J>), (D) - (Y) 



CLPTR-, CLYTR- 
EDPTS+, EDYTSf 



DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY FF 



MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



COMMON SKIP INSTRUCTION 
FLOWGRAM 

GENERIC, 1 CYCLE (0. 96 pSEC) 



NOTEs REFER-TO SKIP INSTRUCTION ANALYSES 
FOR SPECIFIC CONDITIONS 
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Common Entry and Exit for Skip Instructions 
Instruction: 



Table 2-1. 

Generating OPG.JS+ For Specific Skip Instructions 



Description : 



llE*J 



i 1 u ] o|¥fo^p ! x j x' ,^ f x i \ : y , ■■•-. 



X_, X , X 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time f^sec): 



Function 


Origin 


Cyc 


Tim 


Clk 


Boolean Expression 


Origin 


Destination 


Operation Description 


EPSLL+ 

E1K17- 

CLFTL- 

CLMTR- 
CLDTR- 

ESDTS+ 

MMnnE - 

CLPTR- 

EDPTS+ 

CLDTR- 

ESDTS+ 


128-H4 

127-L4 
125-J7 

128-K8 
125-J5 

125-L4 

153/160 

129-J10 

129-L9 
125-J5 
125-L4 


F 

F 
F 

F 

F 
F 
F 
F 


TL1 

TL1 
TL1 

TL1 

TL2 
TL2 
TL3 
TL3 


L 

R 
R 

S 

R 
S 
R 
S 


( SKGR P-)V.( T LATE -) 

(FCYEF+) 

(SKGRP-)V(TLATE-) 
(1CYEF-KACYEF-KTLIFF+) 

(MCRST+HH0LDM-HTL1FF+) 
(1CYEF-)(ACYEF-)(TL1FF+) 

(lCYEF-)(ACYEF-)(TLlFF-») 

(SWnnA~)(STRBl+) 

(FCYEF+)(TL2FF+)(SGZR0+) 
(MEMAC-)(MCRST-H 

(FCYEF+)(TL2FF+)(SCZR0+) 

|MEMAC4fMGSET+) 

(TL3FF+)(ACYLF-)(MCRST-») 
( 10GRP-)(TL3FF+)(MCSET+) 


128-H3 

127-L4 
125-A5 

128-K8 
12S-A5 

I25-A5 

153/160 

129-D7/ 

H9 

129-H9 
125-D5 
125-D6 


101— 116-A10 

116-D7-D9 

120-B1 

12I-AS 
125-L12 

101--116-H9 

101-*116-E7 

101--116-D4- 

D8 

101— 116-H8 
101— 116-H10 
101--116-GU 
101--116-E7 

101--116-D4- 

DS 


Enable P- register to 
adder 

Force carry to adder 

Clear F» register 
Clear shift counter 
Clear AZZZZ FF 

Clear M-register 

Clear D-register to 

ONEs 

Enable adder sum to 
D-register 

Memory data set into 
M-register 

C i e a c P « • i e gi s te r 

Enable D - x e gi s te r to 
P-register 

Clear D-register to 

ONEs 

Enable adder sum to 
D~ register 


OPGJSt- 


129-JH 








(See Table 2-1' for conditions) 




129~D4~D9 


Condition satisfied? 


CLPTR- 

EDPTS+ 
CLYTR- 

EDYTS* 
EPYTS+ 
MEMC1+ 

RCYF1+ 


129-J10 

129-L9 

129-J3 

129-L1 

129-L4 
126-J11 
150-D1 


F 
F 
F 

F 
F 
F 
F 


TL4 
TL4 
TL4 

TL4 

TL4 
TL4 
TL4 


R 
S 
R 

S 
S 
L 
S 


OPGJS+N •" - " ■ 
(MCRST-I) 

{0PGJS+)(E01NS+){TL4FF+) 
(MCSET+) 

(ACYLF+)-(TL4FF+)(MCRST*j 

(ACYNX-)(MCSET-D(TL4FF+) 
(BREQ-)(0PGJS-) 

«PiSEX-)(E01NS+)(TL4FF+) 

(0PGJS~)(MCSET+) 

(TL4FF+)(SPM0D-)(TLAFF-) 
(MCSET+)(MEMC1*)(RCYF1-) 


i2V-D/ •' 

H10. 

129-D7/ 

H9 

129-Al/ 
D3 

129-H1 

129-D4 

126-FU/ 

Hll 

150-C2 


iCs -Uc-HlO 
101— 116-H11 
101--U6-L11 

101--116-G10 
101--116-K11 
150-C1 
150-D1 


Clear P-registei 

Enable 'D-register into 

- P-register 

Clear Y-register 

Enable D-register into 
Y-register 

Enable P-register to 
Y-register 

Enable set. RCYF1+ 
Start memory cycle 



Instruction 


Op Code 


Conditions for SKGRP+ 


Origin 


Skip If C Set CSSC) 


101001 


(CB1TF-*)(M16FF+)(MEMAC-) 

(SKGRP+)(M07FF+) 


129-A9/F10 


Skip If C Reset (SRC) 


100001 


[(CB1TF+)(M16FF+J|-(MEMAC-) 
(SKGRP-B(M07FF-) 


129-A9/F11 


Skip if A i6 = l(SLN) 


101100 


(A16FF+)(M10FF+)(MEMAC-) 

ISKGRP+HM07FF+) 


129-A4/F10 


Skip If A l6 = (SLZ) 


100100 


[(Al6FF+){M10FF+)]-(MEMAC-) 
(M07FF-) 


129-A4/F11 


Skip if A Minus (SMI) 


101400 


(A01FF+) (M08FF+)(MEMAC-) 

(SKGRP+MM07FF+) 


129-A11/F10 


Skip If A Plus (SPL) 


100400 


[{A01FF-fKM08FF+)]-(MEMAC-| 
(M07FF-1 


129-All/Fll 


Skip If A Not Zero 
fSNZ! 


101040 


(AZER0-)(M11FF+)(MEMAC-) 
(SKGRP+)(M07FF^ 


129-A10/F10 


Skip If A Zero (SZE) 


100040 


[(AZER0-)(M11FF+JI-(MEMAC-) 

(M07FF-) 


129-A10/F11 


Skip If Sense Switch 
1 is Set (SSI) 


101020 


(SENS1+)(M12FF+)(MEMAC-) 
(SKGRP+)(M07FF4) 


129-A5/F10 


Skip If Sense Switch 
1 is Reset (SRI) 


100020 


[(SENS1+)(M12FF+J|-(MEMAC-) 
(M07FF-) 


129-A5/F11 


Skip If Sense Switch 
2 is Set (SS2) 


101010 


(SENS2+)(M13FF+)(MEMAC-) 

(SKGRP+)|M07FF+) 


129-A6/F10 


Skip If Sense Switch 
2 is Reset (SR2) 


i 000 10 


[(SENS24)(M13FFfSj-(MEMAC-) 
(M07FF-) 


129-A6/F11 


Skip If Sense Switch 
3 is Set (SS3) 


101004 


fS.EMS3+]p,14FF+MMEMAC-i 
(SKGRP+)(M07FF4) 


129-A7/F10 


Skip, if Sense Switch 
3 is Reset (SR3} 


100004 


[(SENS3+)(M14FF+)]-(MEMAC-) 

(M07FF-) 


129-A7/F11 


Skip If Sense Switch 
4 is Set |SS41 


101002 


(SENS4+)(M15FF+)(MEMAC-) 
(SKGRP+)(M07FF-B 


129-A8/F10 


Skip If Sense Switcli 
4*is Reset (SR41 


100002 


[(SENS4+)(M15FF+J|-(MEMAC-) 
(M07FF-) 


129-A8/F11 


Skip If Any Sense 
Switch Set fSSS) 


101036 


(SENS1+)(M12FF+)V(SENS2-*) 
(M13FF-^V(SENS3+)(M14FF+) 
V(SENS4+)(M15FF+)A(MEMAC-) 
(SKGRP+)(M07FF+) 


129-A6/A7/A8/ 

F10 


Skip If Any Sense 
Switch Reset (SSR) 

Unconditional Skip 


100036 
100000 


[(SENS1+)(M12FF+) V(SENS2+) 
(M13FF+)V(SENS3+)-(M14FF-H 
V(SENS4+)(M15FF+j|A(MEMAC-) 
(SKGRP4)(M07FF-) 

(M08FF-) through (M16FF-) A 


129-A6/A7/A8/ 

Fil 

129-A3 througa 
All/Fll 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYER- 


















1 


* 






Tl 


R 

L 
S 


* M # l's - (D) 
(P) + 1 - ADDER, - (F) ■ - 
ADDER -(D) 


CLMTR-, CLDTR- 
EP5LL+, E1K17-, CLFTL- 
ESDTS+ 












— — 










. _ <F - 






T2 


STROBE 
R ' 

S 


[EA] -M 
*(p) 

(D) - (P) 


MMnnE- 

CLPTR- 

EDPTS- 














., 






_ IP 






13 


R 

S 


1> ^(D) 
ADDER -* (D) 


CLDTR- 
ESDTS+ 




















ir 






14 


L $ 


(D) 1 -.(A^ 

(P) * 00 

DEVELOP START MEMORY LEVEL 

set F-cvae ts'-rrMYFF 


CLAIL+ 
EDA1L+ 
EPYTS+ 
MEMC1+ • 
FCYEF+ 






_ _ 














1 


f 







NEXT INSTRUCTION 
FETCH CYCLE 



SSM 

! CYCLE 

OP CODE 140500 
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Instruction: Set Sign Minus (SSM) 
OPJ3ode: 140500 Type : G s 1 cycle 

Descri^ion: I -* (A). 



1 l ..d • 



-_ 



o ;o ;o jiyoTT 



Tyo ;'o rryryT 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jisec): 0. 96 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPSLL+ 


I28-H4 


F 




L 


(FCYEF+)( TLATE-) 


128-F3 


101--116-A10 


Enable P-register to 
adder 


TLATE" 


E1K17- 


127-L4 


F 


TTat^ 


L 


(TLATE -) 


127-C3/ 

J6 


H6-D7-D9 


Force carry to adder 


CLMTR- 


128-K8 


F 


TL1 


R 


(MCRST+)(H0LDM-)(TL1FF+) 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


125-J5 


F 


TL1 


R 


( 1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--116-E7 


Clear D-register to 
ONEs 


CLFTL- 


125-J7 


F 


TL1 


L 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


120-B1 
121-A5 
125-L12 


Clear F-register 
Clear shift counter 
Clear AZZZZ F-F 


ESDTS+ 


125-L4 


F 


TL1 


S 


( 1CYEF~)(ACYEF»)(TL1FF+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


MMnnE - 


153/160 








(SWnnA-)(STRBl + ) 


153/160 


101--116-H8 


Memory data set into 
M»register 


CLPTR- 


129-J10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)^CZR0+) 
(MEMAC-KMCRST+) 


129- D7/ 

H9 


101— 116-H10 


Clear P-register 


EDPTS+ 


129-L9 


F 


TL2 


S 


(FCYEF+)(TL2FF+){SCZR0+) 

(MEMAC-MMCSET+) 


129-H9 


101--116-G11 


Enable D-register to 
P-register 


CLDTR- 


125-J5 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-D5 


101--116-E7 


Clear D-register to 
ONEs 


ESDTS+ 


125-L4 


F 


TL3 


S 


(TL3FF+M i0GRP-)(MCSET+) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


CLA1L+ 


130-H11 


F 


TL4 


L 


(GEN0A+)(TL4FF+)(M10FF+) 


130-F11 


101-H3 


Clear A»register bit 1 


EDA1L+ 


130-H11 


F 


TL4 


L 


(GEN0A+)(TL4FF+)(M08FF+) 

IM10FF+) 


130-F1Q 


101-H6 


Enable D-register bit 1 
to A-register bit 1 


CLYTR- 


129-J3 


F 


TL4 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


129-D2 


101--116-G7 


Clear Y-register 


EPYTS* 


129-L5 


F 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 
(0PGJS-)(MCSET+) 


129-D4 


101--116-KU 


Enable P-register to 
Y-register 


MEMC1+ 


126-JU 


F 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Hll 


150-C1 


Enable set RCYF1 + 


RCYF1+ 


150-D1 


F 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1») 


15Q-C2 


150-D1 


Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 








— — — 






ir.__ . 


T1 


R 

L 
S 


-(M), l's -(D) 
(P) + ] - ADDER, - (F) 
ADDER - (D) 




_______ 


M 


T2 


STROBE 
S 


|A] - (M) 

-<p) 

(D) * (P) 




— — — — — 


— — - 


! 


,,„ 


- — — 


T3 


' R 
S 


ADDER 


.(D) 
* (D) 




— — — — -— — 




— - - " 


p ■ 


- — — — 


T4 


L 
R 
S 
L 
L 


■ - (A), 

- (Y) 

(P) * (Y) 

DEVELOP START MEMORY -LEVEL 

SET F-CYCLE ENTRY FF 




_ _____ 


— — - 


1 


f 


— — — 



FCYEF+ 



CLMTR-, CLD1R- 
EPSLL+, E1K17-, CLFTL- 

ESDTSf 



MMrtnE- ' 
CLPTR- 

EDPTS- : 



CLDTR- 
ESDTS+ 



CLA1L- 
CLYTR- 
EPYTSf 
MEMC1 + 

FCYEF+ 



mm INSTRUCTION 
FETCH CYCLE 



SSP 

1 CYCLE 

OP CODE 140100 
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OP Code: 


i4.n inn 


ign jri 


US {&&f) 




1 


j±?r* t^jo _ 


ojo ri 




r ~0~~ T 




Description: -*• (A) 


i, a %„y^ 


1 2 3 4 5 6 7 


8 9 10 11 12 13 14 15 16 










Execution 


Time (/*s<ec): 0. 96 


Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPSLL+ 


128-H4 


F 


TlaTC 


L 


(FCYEF+HTLATE-) 


128-F3 


101 — U6-A10 


Enable P- register to 


E1K17- 


127-L4 


F 




L 


(TLATE-) 


127-C3/ 

J6 
128-K8 


116-D7-D9 


adder 
Force carry to adder 


TESTE' 


CLMTR- 


129-K8 


F 


TL1 


R 


(MCRST+MHOLDM-HTLIFF*) 


101— 116-H9 


Clear M-register 


CLDTR- 


125-J5 


F 


TL1 


R 


(1CYEF-)(ACYEF-)(TL,1FF+) 


125-A5 


101 — 116-E7 


Clear D-register to 
ONEs 


CLFTL 


125-J7 


F 


TL1 


L 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


120-B1 
121-A5 
125-L12 


Clear reregister 
Clear shift counter 
Clear AZZZZ F-F 


ESDTS+ 


125-L4 


F 


TL1 


S 


(1CYEF-)(ACYEF-)(TL1FF+) 


125-A5 


101--U6-D4- 

D8 


Enable adder sum to 
D-register 


MMnnE- 


153/160 








(SWnnA~)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 
M-register 


CLPTR- 


129-J10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 


129-D7/ 


1G1— 116-H10 


Clear P-register 












(MEMAC»)(MCRST+) 


H9 




EDPTS+ 


129-L9 


F 


TL2 


S 


(FCYEF+)(TJL2FF+)(SCZR0+) 


129-H9 


101— 1L6-G11 


Enable D-register to 
P-register 












(MEMAC-)(MCSET+) 






CLA1L+ 


130-HI1 


F 


TL4 


L 


(GEN0A+)(TL4FF+)(M10FF+) 


130-F11 


101-H3 


Clear A-register bit 1 


CLYTR- 


129-J3 


F 


TL4 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


129-D2 


101 — 116-G7 


Clear Y-register 


EPYTS+ 


129-L5 


F 


TL4 


S 


(PiSEX-){E01NS-f)(TL4FF+) 


129-D4 


101 — 116-K11 


Enable P-register to 

Y»register 












(OPGJS-MMCSET-f-) 






MEMC1+ 


126-J11 


F 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Hll 


150-C1 


Enable set RCYF1 + 


RCYF1+ 


150-D1 


F 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


150-Di 


Start memory cycle 



2-79 



ENTER FROM FtEVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEFf 



- (M), l s s - (D) 
(P) + 1 • ADDER, - (F) 
ADDER ■». (P) 



CLMTR-, CLDTR- 
EPSLL-f, E1K17-, CLFTL- 

ESDTS-4- 



STROBE 


[EA] - <M) 


R 


- (P) 


S 


(D) - 0>) 



12 



CLPTR- 
EPPTS+ 



0»1. 8 -Wl-8 


(SC--1) 

< » 


(SC) + 1 -(SC) 



(SC*0, AZZZZ = 1) 



CLATR- 

EDAHS+ 

EDALSf 



i NCSC+ 



T2 

& 

T3 

(TLATE) 



NO 



C 



AZZZZ - 0? 



3 



YES 



(A) + l -ADDER 



EASTL+, E1K17- , 

(SEE NOTE) L 



(A)- -ADDER 



EASTL4-, JAMKN» 



T3 



S 


l 8 s - CD) 

ADDEt • (D) 


CLDTR- 
ESDTS+ 

RPTT2- 


R 

S 

s 

L 


V% - (D) 
ADDER - (D) 


CLDTR- 
ESDTS-t- 




i 


r 


i 


■ 




I 


ENT1 


ERT4 


1'$ ■ 

SETAZ 


* SC 

ZZZFF 


E1CTS- 
SETAZ-f 



REPEAT 12 



RPTT2+ 



T4 



- (Y) 



Wl-8,^16 -W W6 



- (A) # 

<"»l-8 

|P)' - (Y) 

DEVELOP START MEMORY LEVEL 
SIT F-CYCLE ENTIY F-F 



CLATR-, CLYTR-* 
EDAHS4-, EDALS+ 
EPYTSf 
MEMC1 + 

FCYEF+ 



NOTE; MISSING SIGNALS CAN IE 
FOUND IN TCA ANALYSIS 



NEXT INSTRUCTION 
FETCH CYCLE 



TCA 

1.5 CYCLES 

OP CODE i 40407 



2-80 



Instruction.* Two's Complement of A (TCA) 
OP Code ; 140407 Type: G, 1.5 cycles 

Descrigtiom: Two's Complement of (A) -* (A) 



1 2 3 4 5 6? 8 9 10 11 12 13 14 15 16 
Execution Time (^sec): 1.44 



Sign&l 



Origin 



Cyc 



Signal Component 



Origin 



Destination Operation Description 



EPSLL+ 

E1K17- 

CLMTR- 
CLDTR- 

CLFTL- 

ESDTS+ 

MMaaE- 

CLPTR- 

EDPTS-t- 

EASTL-t- 

JAMKN- 

CLDTR- 

ESDTS+ 

SETAZ4- 
E1CTS- 

RPTT2+ 
CLATR- 

EDAHS-f- 
EDALSf 

1NCSC+ 

EASTL* 

EMSHL* 

ENSHLf 

EMSLLf 

ENSLL4- 

E1K17- 
CLATR- 
EDAHS* 
EDALS+ 

CLYTR- 
EPYTS-S- 

MEMC14- 

RCYF14- 



128-H4 

127-L4 

128-K8 
125-J5 

125-J7 

125-L4 
153/160 
129-J10 

129-L9 
127-L1 

127-J3 
125-J5 
125-L4 

125--L10 

125-H8 

126-G4 
122 ~H7 

122-L1 

122-L2 

126-L3 
127-L1 

127-L8 

127-L7 

127-L10 

127-L5 

127-L4 
122-H7 
122 -LI 

122-L2 

129-J3 

129-L5 

126-J11 
150-D1 



TEatE 



F 

F 

F 

F 

F 

F 

F 
F 

F 
F 

F 
F 

F 
F 

F 

F 

F 

F 

F 
F 
F 

F 

F 

F 

F 
F 



tTatT 

TL1 
TL1 

TL1 



TL2 

TL2 

TLATE 

TLATE 

TL3 

TL3 

TL3 
TL3 

TL3 
TL2 

TL2 
TL2 

TL2 
TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 
TL4 
TL4 
TL4 

TL4 
TL4 

TL4 

TL4 



R 
R 



R 

L 
L 
R 
S 

L 

8 

s 

R 
S 

s 

L 
L 

L 

L 

L 

L 

L 
R 
S 

s 

R 

S 

L 
S 



(FCYEF+)(TLATE-) 

(TLATE-) 

(MCRST+)(H0LDM-)(TL1FF4) 
( 1CYEF-)(ACYEF-)(TL1FF-U 

( 1CYEF-)(ACYEF-)(TL1FF-D 

( 1CYEF-MACYEF-MTL1FF+) 

(SWnnA-)(STRBl+) 

(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-KMCRST4-) 

(FCYEF+)(TL2FF+)(SCZR<M) 

CMEMAC-KMCSET4-) 

( A Z Z Z Z -)( T LATE+) f GEN9 P+) 
(M16FF+)|M02FF+MM01FF+I 

{AZZZZ-)(TLATE-0(GENOP-B 

| M 1 6FF4)f M02FF-f)f MO IFF+) 

(TL3FF+)(ACYLF-)(MCRST4) 
(TL3FF+K 10GRP-MMCSETO 

(GENOA+)(TL3FF+)(M08FF+) 

(MI5PF+) 
(GEN0A+){TL3FF+)(M08FF+) 
(M15FF*)(AZZZZ-)(MCSET4) 

E1CTS- 

(GEN0A+)(TL2FF+)(AZZZZ+) 

IMCRST-h) 

rGENOA+)(TL2FF+)(AZZZZ-i5| 

(MCSET4-) J 

(FCYEF+)(TL2FF+) 

(GEN0P-fl(TLATE+){M02FF+) 

(AZZZZ+) 

(GEN0P-D(TLATE-D(M02FF+) 

(AZZZZ+) 

(GEN0P4)(TLATE-B(M02FF4) 

(AZZZZ*) 

(GEN0P4)(TLATE+)(MO2FF+) 

(AZZZZ*) 

(GEN0P-D(TLATE-»)(M02FF+) 

(AZZZZ+) 

(JAMKN-) • 

(GEN0A4)(M16FF-H(TL4FF-D 

(GEN0A+)(M16FF4)(TL4FFH) 

IGENOA+ffMl 6FF4f(TL4FF+) 

C SC ZR 0+K TL4FF4-K MCRST4) 

(P1SEX-)CE01NS+)(TL4FF+) 
(0PGJS-)(MCSET4) 

(TL4FF+)(SPM0D-)(TLAFF-) 
(MCSET+)(MEMC 1+)(RCYF1-) 



127-C3/ 

J6 

128-K8 
125-A5 

125-A5 



125-A5 
153/160 

129-D7/ 

H9 

129-H9 
127-C2 
127-C2 
125-D5 

125-A5 

125-A8 

125-A8/ 
H8 

126-G4 

122-A5/ 

H7 

122-A5/ 
HI 

126-H3 
127-G11 

127-GU 

127-GU 

127-G11 

127-GU 

127-J3 
122-A3 
122 -A3 
122-A3 

129-D2 
129-D4 

126-F11/ 

Hll 



101--116-A10 

116-D7-D9 

101 — 116-H9 
101— 116-E7 

120-B1 
121-A5 
125-L12 

101 — 116-D4- 

D8 

101--116-H8 
101--116-H10 
101— 116-G11 

101— H6-A5 

101 — 116-D6 

117 B/D 

101 — U6-E7 

101--U6-D4- 

D8 

125-L10 

121-A7 

126-F4 

126-G4 
101— 116-H5 

101--108-G7 
109--116-G7 

121-A5 
101— 116-A5 

101— 107-A8 

101— 107- A9 

108— 116-A8 

108— 116-A9 

116-D7 
101— U6-H5 

101— 108-G7 
109— 116-G7 

101--U6-G7 
101— 116-K11 

150-C1 

150-D1 



Enable P- register to 

adder 

Force carry to adder 

Clear M-register 

Clear D-register to 
ONEs 

Clear P-register 
Clear shift counter 
Clear AZZZZ F-F 

Enable adder sum to 
D'-register 

Memory data set into 
M-register 

Clear P-register 

Enable D»register t© 
P-register 

Enable A-register t© 
adder 

Jam carry network 

Clear D-register to 
ONEs 

Enable adder sum t© 
B-register 

Set AZZZZ F-F 

Set shift counter to all 
ONEs generate RPTT24 

Repeat T2 

Clear A-register 

Enable D( 1-8) -into A( 1-8) 
Enable D|9~i6) into 
AC9-.16) 

lac re meat shift counter 

Enable A-register to 
adder 

Enable M(l-7) to adder 

Enable M-( 1-7) to adder 

Enable M(8-16) to adder 

Enable M-(8- 16) to adder 

Force carry to adder 

Clear A-register 

Enable D(l-8) into A{1»8) 

Enable D(9-16) into 
A(9-16) 

Clear Y»register 

Enable P-register to 
Y-register 

Enable set RCYF1+ 

Start memory cycle 



2-81 



ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 



ACYEF+ 



INHIBIT - (M) 
(M) 7ra16 - ADB^ 

Fs - (D) 
{?)■¥} - ADDER 
ADDER - (D) 



C 



HOLDM- 

ADB 7~16 

CIDTR- 

EPSLL+, E1K17- 

ESDTSf 



DEVICE READY? 
(DRL1 N-) 



T2 



13 



14 



> 



NO 



YES 



SE1 AZ<ZZ 1 1 



^(P) 
CD) * (P) 



CLPTR- 

EDPTS+ 



r s * (D) 

ONB) - CD) 



REST DEVICE READY 



YES 



C 



CLDTR- 

E1DTS4- 



RRL1N- 



M07 = I ? 



*(A) 



CLAIR- 



J 



NO 



-(Y) 

(P) - (Y) 



CLYTR- 
EPYTSf 



f "AZZZZ = 0? \ 



NO 



YES 



CO) V (A) * (A) 



EDAHS+, EDAIS+ 



START MEMORY 
SET F-CYCLE ENTRY F-F 



MEMC1+ 

FC.YEF+ 



N0P10- 



NEXT INSTRUCTION 
FETCH CYCLE 



1NA 

2 CYCLES 
OP CODE 54 



2-82 



Ifi£!£3i£ii2£t : input to A (INA) 

££-££^£ : 54 Type : 10, 2 cycles 

Description: (i NB ) _* ( A ) f ( 1W ) - j 

(INB)V(A) - (A), (1W) 7 = 



T\ o fWp'T $* <*1 A T A ; a] a 1 a [TTaTa ; a ; A 



8 A I • A „L- A _JL. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (ptsec).: 1.92 



Sigaal 


Origin 


Cyc 


Tim 


Clk 


* Signal Component 


Origin 


Destination 


Operation Description 


MEMC1- 


126-JU 


F 


TL4 


i 


r .„ 

(10GRP+)(FCYLF+) 


126-D11 


126-F11 


Block start memory 


H0LDM- 


128-H8 


A 






(10GRP+)(ACYEF+) 


128-H8 


128-K8 


Inhibit M- register clear 


ADB7-16 


138-11 


A 






(DMCCY-}(M FF4) 


138-A11 


143 -XX (See main frame wire list) 


CLDTR- 


125-J5 


A 


TL1 


R 


(ACYEP+KTL1PF+MJ3T0P-) 
( lRS0P-)( 1MA0P-)(MCRST+) 


125-D4 


101--116-E7 


Clear D»register to 
ONEs 


EPSLL+ 


128-H4 


A 


TL1 


. L 


(10GRP+) 


128-D5 


101--116-A10 


Enable P-register t© 
adder 


E1K17- 


127-L4 


A 


TL1 


L 


(TLATE-) 


127-J6 
127-J5 


116-D7-D9 

117-B1 


Force carry to adder ' 


ESDTS+ 


125-L4. 


A 


TL1 


S 


(ACYEF+)(TL1FF4)(JST0P-) 
( 1RS0P-)(1MA0P-)(MCSET+) 


125-D4 


101--116-D4- 

D8 


Enable adder sura to 
D-regis.ter 


DRL1N- 


143-B3 


A 






Function of IO option 




125-D10 


Device ready line 


NQPI0- 


125-D10 


A 


TL1 


L 


(ACYEF+MTL1FF+M 10GRP+) 
(DRL1N-) 


125-D10 


125-L9 


Set AZZZZ F-F 


CLPTR- 


129-J10 


A 


TL2 


R 


(TL2FF+)(10GRF+)(AZZZZ-) 

(OCPLS-KMCRST+) 


129-F8 


101--I16-H10 


Clear P-register 


EDPTS+ 


129-L9 


A 


TL2 


S 


(TL2FF+)(10GRP+)(AZZZZ-) 
(OCPLS-KMCSET+) • 


129-F8 


101— 116-H11 


Enable D-register to 
P-register 


CLDTR- 


125-J5 


A 


TL3 


R 


(ANA0P-KTL3FF+MMCRST+) 


125-A5 


101 — 116-E7 


Clear D-register to 
ONEs 


E1DTS+ 


125-L6 


A 


TL3 


S 


(MCSET+)(RRL1N-) 


125-H6 


101--116-D4 


Enable INB. ,, to 
D-register 


RRL1N- 


134-K8 


A 


TL24 


L 


(M01FF+)(TL24F+)(AZZZZ-) 


134-G8 


143-D5 


Reset ready to device 


CLATR- 


122-H? 


A 


TL4 


R 


(ACYLF+)(TL4FF+)( 10GRP+) 

(AZZZZ-!fM02FF»)|M07FF+) 
(M01FF+)(MCRST+) 


122-D7 


101 — 116-H5 


Clear A -register if 
1W ? = 1 


EDAHS+ 


122-L1 


A 


TL4 


S 


(ACYLF+)fTL4FF+)(10GRP+) 
(AZZZZ-KM01FF+HM02FF-) 
(MCSET4) 


122-D1 


101--108-G7 


Enable B»register t© 
A(l-8) 


EDALS+ 


122-L2 


A 


TL4 


S 


(AZZZZ-HM01FF-MM02FF-) 
(MCSET4)(ACYLF-H{TL4FF+) 

(10GRP4) 


122-D1 


109— 116-G7 


Enable D-register t© 
A(9-16) 


CLYTR- 


129-J3 


A 


TL4 


R 


(ACYNX-)(TL4FF+)(MCRST-I) 


129-B1/ 

D2 


101--116-G7 


Clear Y-register 


EPYTS+ 


129-L5 


A 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 
(OFGJS-)(MCSET+)(DMCRQ-) 


129-D4/ 

H4 


101--116-K11 


Enable P- register to 
. Y-register 


MEMC1+ 


126-J11 


A 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-F11/ 

Hll 


150-C1 


Enable set RCYF1+ 


RCYF1 + 


150-D1 


A 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-) 


150-C2 


150-D1 


Start memory cycle 



2-83 



ENTEI A»CYCLE 

FROM INSTRUCTION WORD 

FETCH OR LAST INDIRECT ADDRESS CYCLE 



T! 

THROUGH 

T3 



INHIBIT - (M) 
(M) 7 _ 16 - ADB7-I6 
GENERATE OCP 



T4 



*(Y) 

(P) - (Y) 
START MEMORY 
SET F-CYCLE ENTRY F-F 



ACYEF-i- 



HOLDM- 
ADB7-16 

OCPLS- 



CLYTR- 
EPYTS+ 
MEMC1+ 

FCYEF+ 



NEXT INSTRUCTION 

FETCH CYCLE 



OCP 

2 CYCLES 

OP CODE 14 



2-84 



Instruction: Output Control Pulse (OCP) 

OP_Code: 14 ZU2£ : 10, 2 cycles 

Description: Set or reset function of specified 
device 



'znxEZJi 



A | A , A 



A I A I A 






Signal 



Origin ' 



MEMC1*. 
H0LDM- 
AD.B7-16 

0CPLS- 

CLYTR- 
EPYTS+ 
MEMC1 + 
RCYF1 + 



126-J11 

128-H8 
138-11 
134-K10 

129-J3 

129-L5 

126-J11 

150-D1 



Cyc 



TL4 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/isec): 1. 92 



Tim 



TL4 
TL4 

TL4 
TL4 



Cik 



R 

S 
L 

S 



Signal Component 



(lOGRP-WFCYLF-ti 

(10GRP+)(ACYEF-F) 

(DMCCY-)(M FF+) 

(RESTR-)(FCYEF-)(10GRP+) 
(M01FF-)(M02FF-) 

(ACYNX-)(TL4FF-F)(MCRST+) 

(P1SEX-)(E01NS+)(TL4FF+) 
(OFGJS-)(MCSET-l}(DMCRQ-) 

(TL4FF+)(SPM0D-)(TLAFF-) 

(MCSET+)(MEMC 1+){RC YF 1 -] 



Origin 



126-D11 

128-H8 
138-11 
134-C7 

129-Bl/ 

Dl 

129-D4/ 

H4 

126-Fll/] 150-C1 
Hll 



Destination 



Operation Description 



126-Fll Block start memory 

128-K8 Inhibit M-register clear 

See rriajin frame wire list) 

Control pulse to device 



150-C2 



143-B4 
101--116-G7 
101— 116-K11 



150-D1 



Clear Y- register 

Enable P-register to 

Y-register 

Enable set RCYF1+ 
Start memory cycle 



2-85 



ENTER A-CYCLE FROM INSTRUCTION WORD FEIGN 
OR LAST INDIRECT ADDRESS CYCLE 



ACYEF+ 



1NH1B1T0 - (M) 



AD8. 



7-16 



<M>7. T6 

l«s - (D) 

(P) + l -* ADDER 

ADDER - (D) 



HOLDM- 

ADB 7^16 

CLDTR- 

EPSLL+, E1K17- 

ESDTSf 



(A) UJ6 -OTB M6 



T1 


1 
S 


Ana 


.= on -»- ?io 1 


L^i^ 




^ ADB 11-]6 — — J 


f 

L 


- 






1 


NO 


■ ; 






SET MASK SN PERIPHERALS 


5MK 




3 








/"" DEVICE READY? ~~~~> 
V (DRL1N-) V 








•■ 






< 


YES 


• 






SET AZ-Z-ZZ F-F 


NOP 10- 

V 

SETAZ+ 


__. — _ ______ 


CLPTR- 
EDPTS+ 


— — — — - 


_________ 


T2 


- (P) 
(D) ., fl>) 














L 


■ 


r 


RRL1 N- 




T24 


RESET DEVICE READY 














R 

s 

L 
S 


i 








r 








T4 


-(Y) 

(P) - (Y) 
START MEMORY 
SET F-CYCLE ENTRY F-F 


CLYTR- 
EPYTS+ 
MEMCH 
FCYEF+ 


„ — _____ _ — _. 


i 


r 


_____________ _ 



NEXT INSTRUCTION 
FETCH CYCLE 



OIA/SMK 
2 CYCLES 
OP CODE 74 



2-86 



Igsiruction: Output from A (OTA) 
2!L£23£ : 74 Type : 10, 2 cycles 

fcjjg£ 3 r. i Ption: If ready: (A) -(0TB) and skip 

If not ready: No output and no skip 




Signal 



MEMC1- 

H0LDM-* 
EPSLL+ 

E1K17- 

ABB7-16 
CLDTR- 

ESDTS-f 

©TB01-16 
SMK01+ 

bRLlN- 
k0P10~ 

SETAZ+ 
CLPTR- 

EBPTSf 

RRL1N- 
CLYTR- 

EPYTS-h 

MEMC1+ 

RCYF1 + 



Origin. 



126-J11 

128-H8 
128-H4 

127-L4 

138-11 
125-J5 

125-L4 

138-E/L 
134-L11 

143-B3 
125-D10 

125-J10 
129-J10 

129-L9 

134-K8 
129-J3 

129-L5 

126-Jil 

150-D1 



Cyc 



A 
A 

A 
A 

A 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time fpsee): l. 92 



Tim 



TL4 



TJL1 



TL! 



TLi 



TLi 

TO 

TL2 

TL24 
T1A 

TL4 

TL4 

TL4 



Clk 



R 

S 

L 

R 

S 

L 
S 



Signal Component 



(10GRP-f-)(FCYLF4) 

(10GRP+)(ACYEF+) 
(10GRP4-) 

(TLATE-) 

(DMCCY-)(M__FF^ 

!ACYEF+)(TL1FF+)(JST0P») 
( lRS0P-)( 1MA0P-KMCRST4) 

(ACYEF+)(TL1FF-I)(JST0P-) 
( 1RS0P-)(1MA0P-)(MCSET+) 

{AOlFFf) through fA16FF+) 
(SMKXX+)(ADB07-)(FCX00+) 

Function of l/O option 

( ACYEF+HTL1FF+H lOGRPf) 
(DRJL1N-) 

or 

fSMKXX-) 

(TL2FF+)(10GRP+)(AZZZZ») 
(0CPLS-)(MCRST4) 

(TL2FF+H 10GRP+H AZZZZ-) 
fOCPLS-)(MCSET+) 

(M01FF+)(TL24F4-)(AZZZZ») 

(ACYNX-KTL4FF+KMCRST-D 

(P1SEX-)(E01NS4)(TL4FF4) 
(OPGJS-)(MCSET+)(DMCRQ.) 

(TL4FF+)(SPM0D-)(TLAFF-) 
(MCSET+)<MEMC1+)(RCYF1-; 



Origin 



126-DU 

128-H8 

128-D5 

127-J6 

138-11 
125-D4 



125-D4 

138-C/j 
134-K11 



125-D10 

12S-H9 
129-F8 

129-F8 

134-G8 

129-Bl/ 

Dl 

129-D4/ 

H4 

126-F11/ 

Hll 

150»C2 



Destination 



Operation Description 



126-F11 

128-K8 

101 — 116-A10 

116-D7-D9 
117-B1 

{See main frame wire list) 

101— 116-E7 Clear D»register to 

ONEs 



Block start memory 

Inhibit M- register clear 
Eaable P»register t© 
adder 

Force carry to adder 



101--116-D4- 

DB 



Enable adder sum to 
D- register 

(See male frame wire list) 



143-B5 

I25-D10 
125-L9 

125-L9 
101--116-H10 

101 — 116-H11 

143-D5 
101--116-G7 

101 — 116-K11 

150-C1 

150-D1 



ADB 7-16 = 0020 g 

(Set mask) 
Device ready line 
Set AZZZZ FF 

Set AZZZZ FF 
Clear P-register ' 

Enable D~ register to 
P- register 

Reset ready to device 

Clear Y-regisler 

Enable' P-register t© 
Y-register 

Enable set RCYF1+ 
Start memory cycle 



2-87 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



Tl 



ACYEF+ 



INHIBIT - (M) 

(M) 7 . 16 - ADB 7ral6 

Vs - (D) 

'(P) + l - ADDER 

ADDER - (D) 



C 



HOLDM- 

ADB 7»16 
CLDTR- 

EP5LL+, El JO 7- 

E5DTS+ 



SENSE CONDITION? 
(DILI N-) 



> 



NO 



YES 



SET AZZZZ FF 



NQPJ8- 



T2 



¥3 



- (P) 

(D) - m 



CLPTR- 
EDPTS+ 



T4 



-(Y) 

(P) - (Y) 

START MEMORY 

SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
MEMC1 + 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



SKS 

2 CYCLES 
OP CODE 34 



2-88 



Instruction; Skip if Heady Line Set (SKS) 
OP_Code: 34 . XXE£ : 10 > 2 cycles 

Descri^ion: If f(device) is satisfied, device is 

ready and next instruction is skipped 





3 






4 


















•■ 










•! 


I 


m; 


i 


X 1 

C , f A 


r i 
A ,A 


/. 


i 
A 


A 


A 


A 


p— 
A 


A 



2 3 4 5- 6 7 8 9 10 11 12 -13 14 15 16 

Execution Time (jusec): 1,92 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component. 


Origin 


Destination 


Operation Description 


HQLDM- 


128-H8 


A 






(Q0RGP+KACYEf s +) 


12S-H8 


128-K8 


inhibit M~ register clear 


ADB7-16 


138-11 


A 






(DMCCY-)(M FF+| 


138-11 


(See mai 


n frame wire list) 


CLDTR- 


125-J5 


A 


TL1 


R 


(ACYEF+)(TL1FF+)(JST0P-) 
( lRS0P-)( 1MA0P-)(MCRST+) 


125-D4 


101--116-E7 


Clear D-r.egister to 

ONEs 


EPSLL-f 


128-H4 


A 


TL1 


L 


(10GRP+) 


128-D5 


101--116-A10 


Enable P~register to 
adder 


'E1K17- 


I27-L4 


A 


TL1 . 


L 


(ACYLF-f) 
(CAS0P-)(LSX0P-)(SUB0P-) 


127-J5 


117-B1 


Force carry to adder 


ESDTS+ 


12§~L4 


A 


TL1 


S 


(ACYEF+)(TL1FFH}(JST0P-) 
1 lRS0P-)( 1MA0P-)(MCSET+) 


125-D4 


101--116-D4- 

D8 


Enable adder sum to 
D-register 


DRL1N- 


143-B3 


A 






Function of l/O option 




12S-D10 


Device ready line 


N0P10- 


125-D10 


A 


TLi 


L 


(ACYEF+)(TL1FF+)(10GRP+) 
(DRL1N-) 


125-DIO 


125-L9 


Set AZZZZ FF 


CLPTR- 


129-J10 


A 


TL2 


R 


(TL2FF+)(10GRP+)(AZZZZ-) 

(OCPLS-MMCRSTt) 


129-F8 


101--116-H10 


Clear P-register 


EDPTS+ 


129-L9 


A 


TL2 


S 


(TLlFF-f)(10GRP+)(AZZZZ-l 
(0CPLS-)(MCSET+) 


129-F8 


101--116-H11 


Enable D-register to 
P-register 


CLYTR- 


129-J3 


A 


TL4 


R 


(ACMX-)(TL4FF+)(MCRST4) 


129-Bl/ 

Dl 


101--116-G7 


Clear Y-register 


EPYTS+ 


129-L5 


A 


TL4 


S 


(P1SEX-)(E01NS+)(TL4FF+) 

(0PGJS-)fMCSET+)(DMCRO) 


129-D4/ 

H4 


101--L16-K11 


Enable P~ register to 
Y-register 


MEMC1+ 


126-J11 


A 


TL4 


L 


(TL4FF+)(SPM0D-)(TLAFF-) 


126-Fll y 

Hil 


' 150-C1 


Enable set RCYFi-f 


RCYF1 + 


150-D1 


A 


TL4 


S 


(MCSET+)(MEMC1+)(RCYF1-] 


150-C2 


150-D1 


Start memory cycle 



2-89 



Common shift instruction entry 



Function 


Origin 


Cyc 


Tim 


Clk 


Boolean Expression 


Origin 


Destination 


Operation Description 


EPSLL-f 


128-H4 


F 


YEaTO 


L 


CFCYEF-fJfTLATE-) 


128-F3 


101— 116-A10 


Enable P-register to 
adder . 


E1K17- 


127-L4 


F 


TEATe 


L 


(TLATE-) 


127-J5 


116-D7/D9 ' 


Force carry to adder 


CLFTL- 


125-J7 


F 


TL1 


L 


(1CYEF-)(ACYEF-)(TL1FF-D 


125-A5 


121-A5 
120-B1 
125-L10 


Clear shift counter 
Clear F-register 
Clear AZZZZ FF ' 


CLMTR- 


128-K8 


F 


TL1 


R 


(MCRST+)(H0LDM-)(TL1FF-D 


128-K8 


101--116-H9 


Clear M-register 


CLDTR- 


125-J5 


F 


TL1 


R 


( lCYEF-)(ACYEF-)(TLlFF-») 


125-A5 


101— 116-E7 


Clear D-register to 
ONEs 


ESDTS-f- 


125-L4 


F 


TL1 


S 


(1CYEF-HACYEF-KTL1FF4-) 


125-A5 


101--116-D4- 

D8 


Enable adder sum to 
D»register 


MMnnE- 


153/160 








(SWnnA+)(STRBl+) 


153/160 


101--116-H8 


Memory data set into 

M-register 


CLPTR- 


129-J10 


F 


TL2 


R 


(EDPTL+)(MCRST-I)* 


129-H9 


101 — 116-H10 


Clear P-register 


EBPTS+ 


129-L9 


F 


TL2 


S 


(EDPTL4-HMCSET+) 


129-H9 


101 — 116-G11 


Enable D-register to 

P-register 


EASTL-S- 


127-L1 


F 


TLATE 


L 


(GEN0P-t)(TLATE+)(M01FF-) 


127-G11 


101— 116- A5 


Enable A-register to 
adder 


EMSHL+ 


127-L8 


F 


tlate 


L 


(GEN0P-»)(TLATE+)(M01FF-) 


127-G11 


.101--108-A8 


Enable M(l-7) to adder 


ENSHL+ 


127-L7 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M01FF») 


127-G11 


101--107-A9 


Enable M-(l-7) to adder 


EMSLL+ 


127-L.10 


F 


TLATE 


L 


(GEN0P+)(TLATE+)(M01FF-) 


127-G11 


108--116-A8 


Enable M(8-16) to adder 


ENSLLf 


127-L5 


F 


TLATE 


L 


(GEN0P4)(TLATE+)(M01FF-) 


127-G11 


108— 116-A9 


Enable M - ( 8 - 1 6} to adder 


SETAZ+ 


125-J9 


F 


TL3 


L 


(SHA0F*)(TL3FF+)(AZZZZ-) 


125-F11 


125-L10 


Set AZZZZ FF 


EMCTL+ 


125-Lli 


F 


TL3 


L 


(SHAOP4)(TL3FF+)(AZZZZ-) 


125-F11 


121-AU 


Enable M-register to 
shift counter 


EMCTL» 


125-J11 


F 


TL3 


L 


(SHA0P+){TL3FF+)( AZZZZ-) 


125-F11 


124-F1 


Clear CB1TF 


SCZRO- 


121-L3 








| SC 1 6F -) thr ough ( SC 1 1 F -) 


121-X7 


126-D4 


Shift counter equals 
ZERO 


RPTT2+ 


126-F5 


F 


TL3 


L 


NOR of EMC 16 through 
EMC11- 


126-F10 


118-A3 


Repeat TL2 timing level 


GLDTR- 


125-J5 


F 


TL3 


R 


(TL3FF+){ACYLF-HMCRST4) 


125-D6 


101— 116-E7 


Clear D-register to 
ONEs 


CLETR- 


125-J2 


F 


TL3 


R 


(TL3FF+)(GEN0P*)(M01FF-) 

(M02FF4-)(MCRST+) 


125-D1 


101—116- L3 


Clear E-register 


ESDTS-f 


125-L4 


F 


TL3 


S 


(TL3FF+)( 10GRP-)(MCSET+) 


125-D6 


101 — 116-D4- 

D8 


Enable adder sum to 
D-register 


EBETS4- 


125-L1 


F 


TL3 


S 


(TL3FF+)(GEN0Ptf(M01FF-) 
(M02FF+)(MCSET+) 


125-D1 


101— 116-J2 


Enable B-register to 
E-register 


*See g 


ate A1A4' 


i-F at 


129-D8 f 


or EDP 


TL+ 









ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



T2 



I2&T3 

CTIAIE) 



T3 



STiOBE 
R 

S 



FCYEF+ {SEE NOTE 1) 



0-(M), 1»t*(p) 

0») + 1 - ADDER, - (F) 
ADDER * {D) 



CLMTR-, CLDTR- 
EPSU+, E1K17-, CLFTl- 
ESDTSf 



[EA]^(M) 
^(P) 

CD) ~m 



MMnnE- 

CLPI1- 

EDPTS+ 



-(A) 



SHASC4- 
CLATR- 
SLATSf 
D17DJ+ 



fSC) + 1 - (SC) 



1NCSC+ 



(A) * ADPEft 



:1 



EASTL+ 

(SEE NOTE 2) 



1 8 s -(D), l's * (E) 

ADDER * (D) 
(B) * <E) 



C 



CL0TR- # CLETR- 

ESDTSf 

EBETS* 



AZZZZ = 



c 



D 



L REPEAT T2 RPTT2+ 



YES 



NO 



SC = 



> 



NO 



1 • AZZZZ 

<M), M6 -(sc) 

0-CB1TPP 



SETAZ+ 
EMCTL4- 
EMCTL- 



YES 



ENTER 14 



RPTT2- 






T4 



-(Y) 

(P) - 00 

DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 



ClYTR- 

MEMC1 + 

FCYEF+- 






NEXT INSTRUCTION 

FETCH CYCLE 



ALU 

1 -i- n/2 CYCLES 

OP CODE 041 6N 



NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LGL EXCEPT FOE STATE Of 
D17DJ 



2, MISSING SIGNALS CAN SE 

FOUND IN ALR ENTRY ANALYSIS 



2-90 



M£triiction: Logical Left Rotate (A.LR) 
OP Code: 0416N 



Type: SH 8 1 + n/Z cycles 















No. of shifts ' 






/—"—""" 




' """*% 





J^^K 


1 


~ 8 





N 


_Zl_ N I N I _" . 


N 



Description: 



: ehR 



1 A 16 



p 



n = no. of shifts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time fpsee): 0* 96 + 0» 48n 



Signal 



SHASC+ 

CB1TF 
CLATR- 
D17DJ+ 
SLATS+ 



Origin 



120-K8 

124-L1 
122-H7 

I30-F3 
122-L10 



Cyc 



F 
F 
F 
F 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Operation Description 



Common Entry {See Common Entry for Shift Instructions, Page 2-90) 



TL2 

TO 
TL2 
TJL2 
TL2 



S 

R. 

L 

S 



(SHA0P+MSCZRQ-) 



(SHASC+)(TL2FF+)(M07FF+) 
(M10FF-)(D01FF+)(MCSETl-) 

(SHASC+)(TL2FF+)(M07FF+) 

(MGRST+) 

(SHA0P+)(M09FF+)(M08FF+) 

(BQ1FF+) 

(SHASC+)(TL2FF+)(M07FF+) 

(MCSET+) 



12Q-H8 

122-D3 
122-D10 

130-D2 
124-D3 



122-D10 
124-D1/D3 

124- L2 

101--116-H5 

116-G5 

101--116-G5 



Shift A -register and 
shift counter not equal 
to ZERO 

Set Dl into CB1TF 
Clear A-register 
Left shift end effect 
Shift left A -register 



Common Exit fSee Common Exit for Shift Instructions, Page 2-113) 



2-91 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



PCYER. 



o-(M), i«t-<p) 

0>) + 1 - ADDER, - (F) 
aDDIK * (D) 



STROBE 
R 

S 



CLMTR-, CLDTR- 
EPSLL+>E1K17-, ClFTl- 
ESDTS4- 



|EA]~<M) 

P}..-?)_ 



12 



T2 4T3 
(TLATE) 



MMnnE- 
CLPTR- 

EDPTSf 



• (A) 
W2-16 - CA) !-I5 



- A, 



16 



CLATR- 
SLATSf 

D17DJ- 



c 



D,-D 2 


^\YES 


./ 

SHASC+ 
(SEE NOTE) 




\ -» CB1TF 


4 , _ 


(SO + i - (so 


P INCS 


I 





(A) - ADDER 



EASTI+ 
(SEE NOTE) 



I't-P), 1's-(E) 

ADDER - P) 

CD * P> 



c 



CLDTR-, CLETR- 

ISDTS+ 

BUS* 



IEPEAT 12 



A2Z2Z - 



13 



C 



> 



YES 



HO 



SC = 



> 



NO 



A 



<M) 1M6 *'(so 

- CB1TF 

3= 



SETAZ* 
EMCTL+ 

EMCTL- 



RPTT2+ 



YES 



£NTEI T4 



KPIT2- 



T4 



CP)^CY) 
DEVELOP START MEMQIY LEVEL 
SET F-CYCLE ENTRY F-F 



zf 



ClYTR- 

IPYTS+ 
MEMCI + 
FCY1B- 



NEXT INSItUCFtON 
FETCH CYaE 



ALS 

1 + p/2 CYCLES 
OP CODE 041 5N 



NOTE? MISSING SIGNALS CAN IE 

FOUND IN ALS ENTRY ANALYSIS 



2-92 



^straction: Arithmetic Left Shift (ALS) 

OP^Co^i 04I5N 

Description: 



No. of shifts 

A 



iAsHEIi^Il 



±j±j_L 



^ ^_^_ 



n j2Ll n 



Signal 



SHASC+ 



CLATR- 

D17DJ- 
SLATS+ 

Di^ D2 



ri 



1 A 16 



Type : SH 8 1 + n/2 cycles 

n = no. of shifts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 



OVF - (C) 



Origin 



120-R8 

122-H7 

130-F4 
122-L10 

124-D7 



Cyc 



Tim 



Ok 



Execution Time fpsec): 0. 96 + 0. 48n 



Signal Component 



Origin 



Destination, 



Common Entry (See Common Entry for Shift Instructions, Page 2-90) 



TL2 

TL2 

TL2 
TL2 

TL2 



R 



JL 

S 



(SHA0P+)(SCZR0~) 



(SHASC+)(TL2FF+)(M07FF+) 

(MCRST+) 

(M08FF+) 

(SHASC+)(TL2FF+)(M07FF+) 
(MCSET+) 

See inputs to gate A1E37-F 



120-H8 

122-C10 

130-D4 
122-D10 

124-D7 



122-DI0 
124-D7 

101--116-H5 

116-G5 
101--116-G5 

124-F2 



: ° mmon Exit ( Se « Common Exit for Shift Instructions, Page 2-113) 



Operation Description 



Shift A -register and 
shift counter not equal 
to ZERO 

Clear A-register 

Clear A-register bit 16 
Shift left A-register 

Set CB1TF with 
SHASC-f 



2-93 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ (SEE NOTE 1) 



~(M) # 1«. ~{D) 
(P) -i- 1 - ADDER, - (F) 
ADDER ^ (D) 



CLMTR-, CLDTR- 
EPSLL*, E1K17-, CLFTL- 
ESDTS* 



T2 



STROBE 


|A]-(M) 


R 


^(P) 


S 


. - (P) 



MMnnE- 

CLPTR- 

EDPTS4- 



D ]6 -CBITF 
-(A) 

D l-!5 -^2-16 
D |6 ^A 1 


V 




(so + i - esc) 





SHASC+ 

CLATR- 

SHATS+ 
D0ODJ+ 



1NCSC+ 



T2&T3 
(TLATE) 



(A) - ADDEt 



EASTL+ 

(SEE NOTE 2) 



T3 



l'i-(D), !'i -£) 

ADDER * (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTSf 
EBETS+ 



AZZZZ = © 



C 



> 



YES 



NO 



SC-0 



> 



NO 



1 * AZZZZ 
Ml 1-1 6 -CSC) 

o-esiTP 

3= 



YES 



ENTER T4 



KPTT2- 



RPII2+ 



REPEAT T2 

_ 



SETAZ4- 
EMCTL+ 
EMCTL- 



T4 



^(Y) 
0>) .. (Y) 

DEVELOP START MEMORY LEVEL 
SET P-CYCIE ENTRY F-F 



CLYTR- 

EPYTS+ 
MEMC1 + 

FCYEB- 



NEXT INSTRUCTION 
FETCH CYCLE 



.4 H$ 

1 + n/2 CYCLES 
OP COM 0406N 



NOTES; 1. THIS INSTRUCTION IDENTICAL 
TO LGR EXCEPT FOR STATE OF 
DQQDJ 



2. MISSING SIGNALS CAN IE 

FOUND IN ARR ENTRY ANALYSIS 



2-94 



Instruction: Logical Right Rotate (ARR) 

OP Code i 0406N Type: SH 8 1+ n/2 cycles 

Description : ^_____, n = no. of shifts 



No. of shifts 

A. 







nm ■ ? 



^Tyr 



N^^^^TFy¥ 



JL-LLJL 



Signal 



SHASC+ 

CB1TF 

CLATR- 

D00DJ+ 

SRATS+ 

MFGZE- 



Origin 



120-K8 

124-L1 

122-H7 
13-.0-D1 
122-L11 
122-F1 



ifMcl 



Cyc 



Tim 



Clk 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time fpsec): 0. 96 + 0. 48n 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-90). 



TL2 

TL2 

T.L2 
TL2 
T.L2 
TL2 



S 
R 
L 
S 
L 



(SHA0P+)(SCZR0-) 



(SHASC+)(M07FF-)(M08FF+) 
(TL2FF+)(D16FF+)(MCSET4) 

(SHASC+)(TL2FF+)(M07FF-) 

(MCRST+) 

(SHA0P+)fM02FF4-KM09FF+) 
(D16FF+) 

(SHASC+}(TL2FF+){M07FF~) 

(MCSET+) 



(SHASC+)(TL2FF+)(M07FF-) 

Common Exit (See Common Exit for Shift Instructions, Page 2-113) 



120-H8 

124-D4 

122-D11 

130-B2 

122-D11 

122-D11 



122-DU 

124»Dl/D4 

124-L2 

101--116-H5 

101-G6 

101--116-G6 

124-F1 



Operation Description 



Shift A -register and 
shift counter not equal 
to ZERO 

Set D16 into CB1TF 
Clear A-register 
Right shift end effect 
Shift right A-register 
Clear CB1TF 



2-95 



T2 



T2&T3 
(TLATE) 



13 



T4 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTiY ENABLE) 



STROBE 
R 
S 



* (M) # l 8 i * (D) 

0>) + 1 • ADDER, - (F) 

ADDER - (D) 



C 



C 



o ~{P) 

CD) • (P) 



(A) - ADDEI 



1«s-»(D) # l't *£) 

ADDER - CD) 
(B) - C) 



AZZZZ - 



> 



YES 



NO 



sc-e 



> 



NO 



YES 



ENTER T4 



FCYEB- 



CIMTE», €LDTR» 
EPSLL* # ElK17- # CLPTL- 
ESDTS4- 



CLPTR-* 

EOFTS*- 



"16 





<P), . 



1-15 



. CB1TF 

»CA> 

.CAk 



i\ J 



SHASC+ 
CLATR- 

SRATSf # DOODJ* 
(SEE NOTE) 



(so + 1 ... esc) 



1NCSC+ 



EASTL* 

(SEE NOTE) 



CLDTR- # CLETR- 
ESDTSf 



1 - A2 . . Z 
(M) n . 16 ^CSC) 

* CM IF 

ZZZ371ZZ 



IFTT2- 



4- 



-(Y) 

CP) * (Y) 

DEVELOP START MEMORY LEVEL 
SET P-CYCLE ENTRY P~P 



CLYTR- 

EPYTSf 
MEMC1 + 

FCYEFf 



NEXT INSTRUCTION 

FETCH CYCLE 



tP1T24 



REPEAT T2 



SITAZ+- 
EMCTL* 
EMCTL- 



-I-— — 



MS 

1 + t)/2 CYCLES 

OP CODE 0405N 



NOTE: MISSING SIGNALS CAN BE 

FOUND IN ARS ENTIY ANALYSIS 



2-96 



Instruction: Arithmetic Right Shift (ARS) 



No. of shifts 
A 



OP Code: 040 SN 



^scri^ion: 



Type : SH, 1 + n/Z cycles 



~iJf^tlJJi± 



nm 



"n^n^W" 



nj n ; N 



Signal 



SHASC+ 

CBITF 

MFG2E- 
CLATR- 

SRATS-f 

D0QDJ4- 
D00FF+ 
R01PA+ 
G01DJ- 



4jl}^l?^^J^]^*S 



n = no. of shifts 1 2 3 4 5 6 7 8' 9 10 11 12 13 14 15 16 

Execution Time {^sec): 0. 96 + 0. 48n 



Origin 



120-K8 

124-L1 

I22»F1 
I22-H7 

122-L1 

130-D1 
130;-H9 
101-D9 
101-A4 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Common Entry {See Common Entry for Shift Instructions, Page 2-90} 



TL2 


L 


TL2 


S 


TL2 


L, 


TL2 


R 


TL2 


S 


TL2 


L 


TL2 


S 


TL2 


L 


TL2 


L 



(SHA0P+)(SCZR0-) 



(SHASC+)(M07FF-)(M08FF+) 
(TL2FF+)(D16FF+)(MCSET+) 

(SHASC+)(M07FF-)(TJL2FF+) 

(SHASC+)(TL2FF+)(M07FF-) 

IMCRST+) 

(SHASC+)(TL2FF+)(M07FF-) 

{MCSET+) 

(M10FF+)(D00FF+) 

(ESDTS+)(R01PA+)(G01DJ-) 

(H01DJ-) 

(EASTL+MA01FF+) 



120-H8 

124-D4 

122-D11 
122-D11 

122-D11 

122-B1 

130-F6 
101-B9 
101-A4 



122-D11 

124-D4 

I24-L2 

124-F1 
101--116-H5 

101--116-G6 

101-G6 

130-Bi 
101-B9 
101-A4 



Operation Description 



Shift A -register and 
shift counter not equal 
to ZERO 

Set D16 into CBITF 



Clear CBITF 
Clear A-register 

Shift right A -register 

Maintain sign bit 
Extension of D- register 

Adder network OR gate 
Adder network OR gate 



Common Exit {See Common Exit for Shift Instructions, Page 2-113) 



2-97 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEB- (SEE NOTE 1} 



-(IK), 1«$ -(D) 
CP) + 1 - ADDER, - (F) 

ADDER ^ CD) 



CIMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 

ESDTSf 



12 



SIHQSE 
R 

S 



o ^ CP) 
p) -(f) 



CIPTR- 

EOPTS+' 









r 


1 

R 

S 
L 


<D) 2 . 


D, - CB1TF 
~(A) 

• (A), 6 






J' 




L 


(SO 


+ 1 - esc) 





SHASC+ 

CLATR- 

SLATS+ 
D170J- 



1NCSC+ 



T2&T3 
(TLATE) 



(A) * ADDER 



EASILY 

(SEE NOTE 2) 



T3 



l'f-(D), l's ^CE) 
ADDER - (D) 



c 



CLDTR-, CIETR- 

ESDTSf 
EBETS^ 



AZZZZ - © 



> 



YES 



IEPEAT 12 



C 



NO 



SC = 



) 



NO 



X 



CM) 



1 * AZZZZ 

„.i6 -W 



- CB1TF 

3= 



SETAZ+ 
EMCTL+ 

EMCTL- 



IPTT24 





L 


< 


YES 








ENTER T4 


RPTT2- 




















1 


r - 






14 


R 
S 
L 
L 


o -CO 

CP) - 00 

DEVELOP START MEMORY LEVEL 
SET P-CYCIE ENTRY F-F 


CtYTR- 
EPYTSf 
MEMC1 + 
FCYEF+ 




— ■— — 


— — — 




1 


r 


-— — — 


_____ __— ._-_ .- 


___^_ — — — _- 



NEXT INSTRUCTION 
FETCH CYCLE 



LGL 

1 + r/2 CYCLES 

OP CODE 0414N 



NOfESs 1. THIS INSTRUCTION IDENTICAL 
TO AIR EXCEPT FOR STATE OF 
D17DJ 



2 e MISSING SIGNALS CAN BE 

FOUND IN LGL ENTRY ANALYSIS 



2-98 



Instruction: Logical Left Shift (LGL) 
OP Code; 0414N' 



No, of shifts 

.A__ 



nzn 



^^^^^^ 



h^n^°°n" 



_____ Type: SH 8 1 + n/Z cycles L~J— J— i-^^J-^J^ 

Description: r^l F~ ~ ~ T 1 n = no* of shifts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 



Signal 



SHASC+ 

CB1TF 

CLATR- 

D17DJ- 
SLATS+ 



Origin 



12Q«- K8 

124-L1 

122-H7 

130-F4 
122-L10 



Cyc 



Tim 



Clk 



Execution Time (jjsec): 0. 96 + 0. 4Sn 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-90) 



TL2 

T.L2 

TL2 

TL2 
TL2 



5 
R 



L 
S 



(SHA0P-f)(SCZR0~) 



(SHASC+)(TL2FF+)(M07FF+) 

(M10FF-)(D01FF+)(MCSET+) 

(SHASC+)(TL2FF+)(M07FF+) 

IMCRST+) 

(M08FF+) 

(SHASC+)(TL2FF+)(M07FF+) 

(MCSET+) 



120-H8 

122-D3 

122-D10 

130-D3 
122-D10 



122-D10 
124-D1 

124-L2 

101 — 116-H5 

116-G5 
101--116-G5 



Operation Description 



Common Exit (See Common Exit for Shift Instructions, Page 2-113) 



Shift A- register and 
shift counter not equal 
to ZERO 

Set Dl into CB1TF 

Clear A-register 

Clear A-register bit 16 
Shift left- A-r agister 



2-99 



T2 



12 & T3 
(TLATE) 



T3 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



• (M), Vs * (D) 

(P) + 1 * ADDER, - (F) 
ADDER - (D) 



STROBE 
R 
S 



CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 

ESDTS+ 



[EA]*(M) 

-p) 

CD) ^(P) 



MMnnE- 

CLPTR- 

EDPTS+ 



D 1A - CB1TF 


(D) 1 


-(A) i 

-15 - (A) 2-16 
- (A), 




\r 




(SC) 


+ 1 - (SC) 





SHASC+ 

CLAIR- 
SRATS+ 
D00DJ- 



1 NCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



l's-P), l's * (E) 

ADDER - (D) 
(B) - (E) 



C 



CLDTR- # CLETR- 

ESDTSf 

EBETS+ 



AZZZZ = 



C 



> 



REPEAT 12 



YES 



NO 



SC = 



> 



NO 



] _ AZZZZ 
(M)-„. 16 *(SC) 

- CB1TF 

n=z 



5EIA2+ 
EMCTL+ 
EMCTL- 



RPTT24 



YES 



ENTER T4 



RPTT2- 



T4 



~(Y) 
(F) - (Y) 

DEVELOP START MEMORY LEVEL- 
SET F-CYCLE ENTRY F-F 



ClYTR™ 
EPYTSf 
MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



LGR 

! + n/2 CYCLES 

OP CODE 0404N 



NOTES; 1. THIS INSTRUCTION IDENTICAL 
TO ARR EXCEPT FOR STATE OF 
DOODJ 



2* MISSING SIGNALS CAN BE 

FOUND IN LGR ENTRY ANALYSIS 



2-100 



Ifistr uction: Logical Right Shift (LGR) 

Ojg_Code: 0404N Type : SH, 1 + n/Z cycles 



No. of shifts 



yoToToToTo" 



n ; n ; n 



&Hc] 



Signal 



Origin 



n = no. of shifts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time fpsec): 0. 96 + 0. 48n 



Cyc 



Tim 



Cik 



Signal Component 



Origin 



Destination 



Operation Description 



SHASC+ 

CB1TF 

CLATR- 

SRATS+ 

MFG2E- 
D00DJ- 



120-K8 

124-L1 

122-H7 

122-L11 

122-F1 
130-D1 



Common Entry (See Common Entry for Shift Instructions, Page 2-90) 
(SHA0P+HSCZR0-) 



TL2 


L 


TL2 


S 


TL2 


R 


TL2 


S 


TL2 


L 


TL2 


L 



(SHASC+)(M07FF-)(M08FF+) 

(TL2FF+)(D16FF+)(MCSET+) 

(SHASC+)(M07FF-)(TL2FF+) 

(MCRST+) 

(SHASC+)(TL2FF+)(MG7FF-) 

(MCSET+) 

(SHASC+) (TL2FF+)(M07FF~) 
(M10FF-)(M08FF-tf 



|^0-FJ|7 I 122-D11 

|24.~pi/D4 



124-D4 

122-D11 

122-D11 

122-D11 
130-B3 



124- L2 

101--116-H5 

J01 — 116-G6 

124-F1 
101-G6 



Common Exit (See Common Exit for Shift Instructions, Page 2-113) 



Shift A -register and 
shift counter not equal 

to ZpJRQ 

Set D 16 into CBl.Jf 

Clear A-register 

Shift right A -register 

Clear CB1TF 

Clear A-register bit 1 



2-101 



INTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEB- 



-(M) # Pi ^(D) 
(P) + 1 • ADDER, - (F) 

' ADDER * (D) 



CLMTR-, CLDTR- 
EPSLL* # E1K17-, CLPTL- 
ESDTS* 



STROBE 
R 
S 



[EA]* (M) 
-0>) 

(D) • m 



12 



MMnnE- 
CLPTR- 

ESPTSf 



L 

R 

L,S 

L,S 

L 


D ] - CB1TP 
- (A), -. (B) 
E, - A 16# p) 2 . 16 - (A) N15 
E^'B,, <E)3_ 16 - (B) 2 . 15 






ir 




L 


(sc) + i - esc) 





SHASC+ 

CLATR-, CLBTR- 
D17DJ+, SLATS*- 
E0CDJ+, SLBTSf 
EGDDJ- 



1NCSC+ 



T2&T3 
(TLATE) 



(A) - ADDEE 



EASTL* 

(SEE NOTE) 



'•-(D), l's -(E) 
ADDER - (D) 
(B) - ft 



C 



cldtr-, cletr- 

ISDTSf 

EBETS+ 



AZZZZ - 



> 



YES 



REPEAT T2 

— -T-— 



13 



NO 



C 



sc = o 



y 



NO 



1 - AZZZZ 
CM) 1M6 -(SC) 

^ €11 TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



1PT12- 



YES 



INTER T4 



mm- 



14 



-(Y) 

(P) - (Y) 
DEVELOP START MEMOftY LEVEL 
SET F-CYCIE ENTRY F-F 






CLYTE- 
EPYTSf 
MEMC1 + 
FCYEFf 



NEXT INSTRUCTION 
FETCH CYaE 



LLL 

1 + n/2 CYCLES 

OP CODE 041 ON 



NOTES; 1. THIS INSTRUCTION IDENTICAL 
TO LLR EXCEPT FOR 
STATE OF EODDJ 



MISSING SIGNALS CAN IE 
FOUND IN LLL ENTOY ANALYSIS 



2-102 



No. of shifts 



Instruction: Long Left Logical Shift (LLL) 

OP Code: 0410 Zl2± : SH> l + n ^ Z c Y cles 

D££££i£tion: r— i 



TJFfW^Q T '0^T 



j_±_ 



n ; n ; n 



~A 16^ — fT~B~T6} — 



n = no. of shifts l 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 















Execution Time (/jsec): 


.96+0. 48n 


Signal l 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 








Comix 


son Enti 


*y (See Common Entry for Shi 


ft Instruct 


ions, Page 2-90 




SHASC+ 


120-K8 


F 


TL2 


L 


(SHA0P+MSCZR0-) 


120-H8 


122-C10 

123-E4 
124-D1/D3 


Shift A -register and 
shift counter net equal 
to ZERO 


CB1TF 


124-L1 


F 


TL2 


S 


(SHASC+}(TL2FF+)(M07FF-f-) 
(M10FF-)(D01FF+)(MCSET+) 


122-D3 


124-L2 


Set Dl into CB1TF 


CLATR- 


122-H7 


F 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF+) 

(MCRST+) 


122-C10 


101--116-H5 


Clear A-register 


CLBTR- 


123-J7 


F, 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF+) 
(M08FF-)(MCRST+) 


123-E4 


101--116-H2 


Clear B-register 


D17DJ+ 


130-»F3 


F 


TL2 


L 


(ACYLF-)(M08FF-)(M10FF-) 

(E01FF+) 


130-D3 


116-G5 


Left shift end effect 


SLATS+ 


122-L10 


F 


T%2 


S 


(SHASC+)(TL2FF+)(M07FF+) 


122-D10 


101--116-G5 


Shift left A-register 


E0CDJ+ 


130-D8 


F 


T-L2 


L 


(E02FF+) 


130-D8 


101-E1 


Set E2 into Bl 


SLBTS+ 


123-L4 


F 


TL2 


S 


(SHASC+)(TL2FF+)(M07FF+) 
(M08FF-)(MCSET+) 


123-E4 


101--116-E1 


Shift left B~ register 


EODDJ^ 


130-D11 


F 


TL2 
Comm 


L 

on Exit 


(M09FF-) 

(See Common Exit for Shift Ii 


130-B11 

isfr -actions 


116-G1 
, Page 2-113) 


Clear B16 



2-103 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



- (M), 1 8 s - (D) 
(P) + 1 * ADDER, - (f ) 

ADDSi -(D) 



CLMTR-*, CLDTR- 
EPSLL+, E1K17-, CLfTL- 
ESDTSf 



STROBE 
R 
S 



£A]-<M) 

<P>. * (?) 



12 



CLTO- 
EDPTS+ 



I. 

R 
L f S 
L,S 

L 



(0). - (A), (0) .. (B) 

E l -*16' P>2-16 -^1-15 
E 2 -B,, P) 3ra l6-CB) 2 „ 15 

°i - B i6 


1 f , ■ , 




(so + 1 - esc) _ 





SHASC+ 

CLATR-, CLBTR- 
D17DJ+, SLATS+ 
EOCDJ*, SLBTS+ 
E0DDJ+ 



1NCSC+ 



T2&T3 
CTLATf) 



(A) - AD£» 



EASTL* 
(SEE NOTE) 



l'i-(D), r s -<E) 

ADDER - (D) 

(I) - (E) 



C 



CLDTR-, CLETR- 

ESDTSf 

EIETS+ 



AZZZZ - 



T3 



C 



> 



YES 



NO 



SC = 



> 



NO 



3L 



! • AZZZZ 
CM)u.i 6 -CSC) 

o - est IP 



YES 



ENTER T4 



RPTT2- 



tEPEAT T2 



SETAZ+ 

EMCTL+ 
EMCTL- 



RPTT2+ 



T4 



o -00 

<P)-(Y) 
DEVELOP START MEMOIY LEVEL 
SET P-CYCLE ENTRY F-P 



clytr- 

EPYTS4- 
MEMC1 + 

FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



lift 

! + n/2 CYCLES 

OP CODE 04! 2N 



NOUS; 1. THIS INSTRUCTION IDENTICAL 

TO III EXCEPT FOR STATE Of 
EQOOJ 



2. MISS1MG SIGNALS CAN BE 

FOUND IN LLR ENTRY ANALYSIS 



2-104 



JfistroctjoiK Long Left Rotate (LLR) 
OP Code: 04I2N 



Descri^on: 



Tj£e: SH» 1 + n/2 cycles 

n "no. of shifts 



^SMii^IIIiJll^ 



No. of shifts 



N , N , N 



jiJjiTjl 



Signal 



SHASC+ 

CB1TF 

CLATR- 

CLBTR- 

D17DJ+ 

SLATS+ 

E0CDJ+ 
SLBTS+ 

E0DDJ+ 






Origin 



120-K8 

124-L1 
122-H7 
123-J7 
130-F3 
122-L10 

130-D8 

123-L4 

130-Dil 



Cyc 



F 
F 

m 

F 

F 

F 
F 



Tim 



Clk 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/usee): 0. 96 + 0. 48n 



Signal Component 



Origin 



Destination 



Operation Description 



si 
Gommon Entry (See Common Entry for Shift Instructions, Page 2-90) 



TL2 

TLZ 

TL2 

TL2 

TLZ 

TLZ 

TLZ 
TL2 



TLZ 



S 
R 

R 

L 

S 

L 

S 



,(SHA0P+)(SCZR0~) 



(SHASC+)(TL2FF+)(M07FF+) 
(M10FF-)(D01FF+)(MCSET+) 

(SHASC+)(TL2FF+)(M07FF+) 

(M.CRST+) 

(SHASC+)(TL2FF+)(M07FF+) 
(M08FF-)(MCRST+) 

(ACYLF-)(M08FF- )(M10FF-) 

(E01FF+) 

(SHASC+)(TL2FF+)(M07FF-f-) 

JMCSET+) 

(E02FF+) 

fSHASC+HTL2FF>){M07FF+) 
(M08FF-)(MCSET+) 



120-H8 

122-D3 

122-C10 

123-E4 

130-D3 

122-D10 

130-D8 
123-E4 



|SHA0P+)(M09FF+)(D01FF+) 130-B11 116-G1 Set Dl into B16 

Common Exit fSee Common Exit for Shift Instructions, Page 2-113) 



122-C10 

123-E4 

124-C1/C3 

124- L2 

101--116-H5 

101--116-H2 

116-G5 

101--116-G5 

101-E1 
101--116-E1 



Shift A -register and 
shift counter not equal 
to ZERO 

Set Dl into CB1TF 

Clear A^register 

Clear B»register 

Left shift end effect 

Shift left A-register 

Set E2 and Bl 

Shift left B-register 



2-105 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



- (M), l 8 s -(D) 
(P) + 1 - ADDER, * (F) 

- ADDER * (D) 



O.MTR-, CLDTR- 

EPSLL+, EiK17-, ClfTl- 

ESDTS+ 



STROBE 
R 



CD) - IP) 



12 



MMnrtE» 
CLPTR- 

EDPTSt* 



R 
L,S 
L,S 

L 






* 


m, 




_ 


(8) ^ 


E 2 


- 


A 16, 


CD) 2 ^ 


-16 "" 


< A >.-15 


E, 


* 


\ 


»3-16 - 


< B >2-15 








* 


8 S6 





CLATR-, CLITR- 
D17DJ+, SLATS+ 
EGCDJ*, SLBTS+ 
EODDJ- 



c 



D 



YES 



NO 



1 - CB1TF 



SHASC+ 

(SEE NOTE) 



Csc) -t- 1 .. (sq 



1 NCSC+ 



T2&T3 
(RATE) 



(A) -* ADDER 



EASTL* 

(SEE NOTE) 



I'.-p), l 8 i -CO 

ADDER - (D) 
(B) - (E) 



C 



CLDT&-, CLETR- 

ESDTSf 
EBITS* 



A2XZZ - © 



T3 



> 



YES 



C 



HO 



SC-0 



> 



JMO 



! ^AZZZZ 
(M)„_ 16 .*(SC) 
0-CB1TF 

=3= 



L REPEAT T2 IPTT2- 
— "I— 



SITA2+ 
EMCTL+ 

EMCTL- 





< 


YES 

* 






L 


ENTER T4 


RPTT2- 


















1 


' 




T4 


R 
S 
L 
L 


-(Y) 

(P)^(Y) 
DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F~F 


CLYTR- 

EPYTSf 
MEMC1 + 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



LIS 

1 4- n/2 CYCLES 

OP CODE 041 i N 



NOTE: MISSING SIGNALS CAN IE 

FOUND IN LLS ENTRY ANALYSIS 



2-106 



No. of shifts 



Instruction: Long Arithmetic Left Shift (LLS) 
OP Code: 041 IN 



D s ft c 



Type: SH, 1 + n/2 cycles 
"" n = no. of shifts 



1 JJgJ^^^^ N 1 N | N |"n 



__L, 



^^ : r fT^^TbM 00 L ^Z1Z^— o ' 



OVF -(C) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time (/jsec): 0. 96 + 0. 48n 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 






C 


ommon E 


]ntry (S 


ee Common Entry for Shift Ins 


tructions, 


Page 2-90) 




SHASC+ 


120-K8 


F 


TL2 


L 


(SHA0P+MSCZR0-) 


120-H8 


122-D10 

123-E4 

124-D7 


Shift A -register and 
shift counter not equal 
to ZERO 


CLATR™ 


122-H7 


F 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF+) 
(MCRST+) 


122-C10 


101--116-H5 


Clear A-register 


CLBTR- 


123-J7 


F 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF+) 
(M08FF-)(MCRST+) 


123-E4 


101--116-H2 


Clear B-register 


D17DJ4- 


130-F3 


F 


TL2 


L 


(M08FF-)(M10FF+)(E02FF+) 


130-D4 


116-G5 


Left shift end effect 


SLATS+ 


122-L10 


F 


TL2 


S 


(SHASC+)(TL2FF+)(M07FF+) 

(MCSET+) 


122-D10 


■101--116-G5 


Shift left A-register 


E0CDJ+ 


130-D8 


F 


TL2 


L 


(ACYLF-)(M10FF+)(E01FF-) 


130.-D7 


101-E1 


Set E 1 into B 1 


SLBTS+ 


123-L4 


F 


TL2 


S 


(SHASC+)(TL2FF+)(M07FF+) 
(M08FF-)(MCSET+) 


123-E4 


101--116-E1 


Shift left B-register 


E0DDJ- 


130-D11 


F 


TL2 


L 


(M09FF-) 


130-B11 


116-G1" 


Clear Bl6 


Dl f^D2 


124-D7 


F 


TL2 


L 


See inputs to gate A1E37-F 


124-D7 


124-F2 


Set CB1T with SHASC+ 








Com 


mon Ex 


it (See Common Exit for Shift 


Instructioi 


is, Page 2-113) 





2-107 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ (SEE NOTE 1) 



.(M), l s $ *{D) 

IP) + ! «* ADDER, - (F) 



CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 

ESDlSf 



T2 



T2&T3 
CfLATE) 



T3 



STROBE 
R 
S 



_0») 



CLPTI- 
EDPTS4- 



L 

R 

-L,S 

L,S 



E |6 ^CBlTf - 
- (A), - (B) 
-A,, <D) M5 - (A) W6 

D 16 - B r ( %15 - ^-16 


^^^^^J' 




(so + 1 - esc) 





SHASC+ 

CLATR-, CLBTR- 
D00DJ-, SRATSf 
E0ADJ+, SRETSf 



1NCSC+ 



(A) * ADDER 



EASILY 

(SEE NOTE 2) 



1's->(D), 1 8 s * (E) 

ADDER - (D) 
(B) - <E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZ2Z = 



C 



> 



YES 



REPEAT T2 



MO 



SC = 



"> 



NO 



3L 



— TTazIS" 

'(M) 11ct|6 ^{SC) 

* CSITF 

=~--r"~~ 



SEIAZ+ 
EMCTI+ 
EMCTL- 



EPTT2+ 



YES 



ENTER 14 



IPTT2- 



14 



*(Y) 

(P) - (Y) 

DEVELOP START MEMORY LEVEL 
SET f-CYCLE ENTRY P-F 



ClYTR- 
EPYTSf 
MEMC1 + 
FCYEF+ 






NEXT INSTRUCTION 

FETCH CYCLE 



III 

1 +n 

OP CODE 0400N 



" + n/2 CYCLES 
3P COD" " " " 



nOWSi 1. THIS INSTRUCTION IDENTICAL 

TO LRR EXCEPT FOR STATE OF 
P0OPJ 



2. MISSING SIGNALS CAN BE 
BE FOUND IN LRL ENTRY 
ANALYSIS 



2-108 



No. of shifts 



Instruction: .Long Right Logical Shift (JLRL) 
OP Code: 0400N 



Descrigtion: 



Type: SH, 1 + n/2 cycle 

"*" n = no. of shifts 



" W* A l6H"l"'¥"T6H c 



Hf 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Execution Time fpsee): 0. 96 + 0. 48n 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 








Com 


m-on En 


itry (See Common Entry for S 


hift Instru 


ctions, Page 2-90) 


SHASC+ 


120-K8 


F 


TL2 


L 


(SHA0P^{8CZR0~) 


120-H8 


122-C11 

123--E6 
124-D1/D5 


Shift A -register and 
shift counter not equal 
to ZERO 


CB1TF 


124-L1 


F 


TL2 


S 


(TL2FF+)(SHASC+)(M07FF-) 
(M08FF-)(E16FF+)(MCSET+) 


124-D5 


124-L2 


Set E16 into CB1TF 


MFG2E- 


122-F1 


F 


TL2 


L 


(SHASC+)(TL2FF+)(M07FF-) 


122-D11 


124-F1 


Clear CB1TF 


CLATR- 


122-H7 


F 


TL2 


R 


(SHASC+)(TL2FF4)(M07FF-) 

(MCRST+) 


122-C11 


101— 116-H5 


Clear A -register 


CLBTR- 


123-J7 


•t 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF-) 
(M08FF-)(MCRST-§) . 


123-E6 


101--116-H2 


Clear B-register 


D00DJ- 


130-D1 


F 


TL2 


L 


(M10FF-)(M09FF-) 


130-B2 


101-G6 


Clear A»register bit 1 
with SRATS-f- 


SRATS+ 


122-L1 


F 


TL2 


S 


(SHASC+)(TL2FF+)(M07FF-) 

. (MCSET*) 


122-D11 


101--116-G6 


Shift right A-register 


E0ADJ+ 


130-D9 


F 


TL2 


L 


(M10FF-)(D1"6FF-) 


130-D10 


101-E2 


Set D16 into Bl 


SRBTS+ 


123-L8 


F 
Cc 


TL2 
»mmon E 


S 
xit (Se 


(SHASCi)(TL2FF+)(M07FF») 
(M08FF-)(MCSET+) 

e Common Exit for Shift Instn 


123-E6 
ictions, Pi 


101 — 116-E2 

ige 2-113) 


Shift right B -register 



2-109 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



.. (M), Ps - (D) 

(P) + 1 - ADDER, - (F) 
ADDER * (D) 



STROBE 
I 
S 



CLMTR-, CLDTR- 
EPSLL+, E1KI7-, CLFTL- 

ESDTS+ 



[EA]*(M) 
-<P) 

(D) - (P) 



12 



MMnnE- 

CIPTR- 
EDPTS+ 







_i; :;:...;. ,. 


L 




E, 6 -CB1TF 


R 





- (A), - (B) 


L,S 


E 16 


-V (D) 1-15 *< A) 2-16 


L # S 


D 16 


rB,, (E),., 5 -(B) 2 _ )6 



SHASC+ 
CLATR-, CLBTR- 

DOODJ-f, SRATS+ 

E0ADJ4-, SiBTSf 



(SC) + 1 - (SC) 



1NCSC+ 



12&T3 
(RATE) 



(A) - ADDER 



EASTL+ 

(SEE NOTE) 



1's-(D), i«, -*(£) 
ADDER - (D) 
<B) * (E) 



C 



CLDTR-, ClETi- 

ESDTSf 

EBETS+ 



AZZZZ - 



13 



C 



> 



I IEPIATT2 RPTT2* 



YES 



NO 



SC = 



> 



NO 



1 - AZZZZ 

Ml 1-1 6 ^ CSC) 
*• CB1TF 

i 



SETAZ+ 

EMCTL+ 
EMCTL- 



YES 



ENTER 14 



RPTT2- 



14 



-(Y) 

(P) - 00 

DEVELOP START MEMORY LEVEL 
SET P-CYCIE ENTRY F-F 



CLYTI- 
EPYTSf 
MEMC1 + 

FCYEFf 



NEXT INSTRUCTION 
FETCH CYCLE 



LIE 

1 + */2 CYCLES 

OP CODE 0402N 



NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LRL EXCEPT FOR STATE OF 
OQ0BJ 



2, MISSING SIGNALS CAN BE 

FOUND IN lit ENTRY ANALYSIS 



2-110 



No. of shifts 



Instruction.: Long Right Rotate (LRU) 
OP Cod*: 0402N 



Descriptions 



Tyjae: SH S 1 + n/2 cycles 

n sno. of shifts 



1 ",'■. i 



VT^ 



n[nj n" 



^yN**y¥" 



Mi^^IIil'-^^lZIi^^ 



Signal 



SHASC4- 

CB1TF 

CLATR- 

CLBTR- 

D00DJ+ 

SRATS+ 

MFG2E- 

E0ADJ+ 

SRBTS+ 



Origin 



120-K8 

124-L1 

122-H7 
123-J7 
130-D1 
122-L1 

122-F1 

130-D9 
I23-L8 



Cyc 



Tim 



Clk 



12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jjsec): 0. 96 + 0. 48n 



Signal Component 



Origin 



Destination' 



Operation Description 



Common Entry (See Common Entry for Shift Instructions, Page 2-90) 



TL2 

TL2 
T.L2 
TL2 

TL2 
TL2 

TL2 

TL2 
TL2 



S 

E 

R 

L 

S 

L 
L 
S 



(SHA0P+)(SCZR0-) 



(TL2FF+)(SHASC+)(M07FF-) 
(M08FF-j(E 16FF+)(MCSET+) 

(SHASC+)(TL2FF+)(M07FF-) 

(MCRST+) 

(SHASC+)(TL2FF+)(M07FF~) 
(M08FF-)(MCRST+) 

(SHA0P4)(M08FF-)(M09FF+) 

(E16FF+) 

(SHASC+)(TL2FF+)(M07FF- ) 

(MCSET+) 

\SHASC+)(TL2FF+)(M07FF-) 

(M10FF-)(D16FF-) 

(SHASC+)(TL2FF+)(M07FF-) 
(M08FF-)(MCSET+) 



120-H8 

124-D5 
122-C11 

123-E6 
130-B3 
122-D11 

122-D11 

130-D1Q 
123-E6 



122-C11 

123-E6 
124-D1/D5 

124-L2 

101--116-H5 

101--116-H2 

101-G6 

101--116-G6 

124-F1 
101-E2 
101— 116-E2 



Shift A -register and 
shift counter not equal 
to ZERO 

Set E 16 into CB1TF 

Clear A-register 

Clear B-register 

Set E 16 into A 1 with 
SRATS+ 

Shift right A«register 

Clear CBiTF 

Set D16 into Bl 

Shift right B-register 



Common Exit (See Common Exit, for Shift Instructions, Page 2-113) 



2-111 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



T2 



T2&T3 
(TLATE) 



¥3 



STROSE 
R 
S 



-{M) # l'« -.(D) 
(P) + 1 - ADDER, - (F) 

- ADDER = CD) 



"[feA]-(M) 

o -flp) 



CLMTR-, CLDTI" 
.£PSLl+ # E1K!7- # CLFIL- 



MMnnE- 
CLPTR- 

IDPTS+ 



S 

R 

K S 

L, S 

I 



| E |6 -CBITF 

- (Ah * (B) 
A, -D00-A,, (D) M5 - (A) 2 „ 16 
E, -a,, f) 2 . 15 -t% 16 


u 




(sc) + 1 - esc) 





SHASC* ' 
CLATR-, CLBTR- 
D00DJ+, SRATS+ 
E0ADJ+, SRBTS+ 
E0IDJ+ 



INCSC+ 



(A) * ADDEI 



EASTL+ 
{SEE NOTE) 



l't-(D), 1 8 s -flE) 

ADDER - (D) 

m - g) 



C 



CLDTR-, CIETR- 

ESDTS+ 
EBETS+ 



AZZIZ - 



c 



> 



YES 



NO 



SC = 



3 



NO 



1 ^AZZZZ 
(M) 1M6 -(SC) 
6-» CB1TF 

_ .1 



NEXT INSTRUaiON 
FETCH CYCLE 



REPEAT 12 



SITAZ+ 
EMCTl* 

EMCIL- 



IFTT2+ 





i 


YES 

' : 






L 


ENTER T4 


RPTT2- 


















' 


? 




T4 


R 

S 
L 
L 


0-{Y) 

CP) * CY) 
DEVELOP START MEMQitY LEVEL 
SET F-CYCLE ENTEY F-F 


ClYTR- 
EPYTSf 
MEMC1 + 
FCYEF+ . 



lrs 

1 -e p/2 CYCLES 
OP CODE 0401 N 



NOTE: MISSING SIGNALS CAN IE 

FOUND IN IIS ENTRY ANALYSIS 



2-112 



No. of shifts 



Instruction: Long Arithmetic Right Shift (LRS) 

OP^Code: 040 IN Type: SH S 1 + n/2 cycles 

-x . .. . n = no. of shifts 

Description:^ — . — . «—— • ___ 

—*— C^U(2~'X"'l6l- r \5j\ 4z b TeMcl 



L,.iJ ! ZjjL 



T^TF 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/xsec): 0. 96 + 0. 48n 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 








Commi 


m Entry (See Common Entry for Shif 


t Instruct! 


ons, Page 2-90) 




SHASC+ 


120-K8 


F 


TL2 


L 


(SHA0P+KSCZR0-) 


120-H8 


122-D11 

123-E7 
124-D5 


Shift A -register and 
shift counter not equal 
to ZERO 


CB1TF 


124-L1 


F 


TL2 


S 


(TL2FF+)(SHASC+)(M07FF-) 
(M08FF-)(E16FF+)(MCSET+) 


124-D5 


124-L2 


Set E16 into CB1TF 


CLATR- 


122 -H7 


F 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF-) 

(MCRST+) 


122-D11 


101--116-H5 


Clear A-register 


CLBTR- 


123-J7 


F 


TL2 


R 


(SHASC+)(TL2FF+)(M07FF-) 

(M08FF-HMCRST4-) 


123-E6 


101--I16-H2 


Clear B-register 


D00DJ+ 


130-D1 


F 


TL2 


L 


(M10FF+MD00FF+) 


130-B1 


101--G6 


Maintain sign bit 


B00FF+ 


130-H9 


F 


TL2 


S 


(ESDTS4)(R01PA+)(G01DJ-) 


I30-F6 


130-B1 


Extension of B-register 


ROlPA-f 


101-D9 


F 


TL2 


L 


(H0LDJ-) 


101-B9 


101-B9 


Adder network OR gate 


G01DJ- 


101-A4 


F 


TL2 


L 


(EASTL+KA01FF+) 


101-A4 


101-A4 


Adder network OR gate 


SRATS-f 


122-L1 


F 


TL2 


S 


(SHASC-0(TL2FF+)(M07FF-) 

IMCSET+) 


122-D11 


101--116-G6 


Shift right A-register 


MFG2E- 


122-F1 


F 


TL2 


L 


(SHASC+)(TL2FF+)(M07FF-) 


122-D11 


124-F1 


Clear CB1TF 


E0ADJ+ 


130-D9 


F 


TL2 


L 


(M10FF+)(E01FF4 


• 13Q-D9 


101-E2 


Set El into Bl 


E0BDJ* 


130-F1 


F 


TL2 


L 


(M10FF+)(D16FF-) 


130-F1 


102-F2 


Set D16 into B2 


SRBTS-f 


123-L8 


F 


TL2 
Comm 


S 

on Exit 


(SHASC+)(TL2FF-ri(M07FF-) 
(M08FF-HMCSET+) 

(See Common Exit for Shift 1 


123-E6 
nstruction 


101--116-E2 

s, Page 2-113) 


Shift right B-register 



Common shift instruction exit 
Instruction: 



Signal 



1NCSC+ 

CLYTR- 

EPYTS-f- 

MEMC1 + 

RCYF1+ 



Origin 



126-L3 
129-J3 
129-L4 

126-Jll' 

15Q-D1 



Cyc 



Tim 



TL2 
TL4 
TL4 

TL4 

TL4 



Clk 



L 

R 
S 

L 

8 



Signal Component 



(FCYEF+)(TL2FF+)* 

{ACYNX-)(TL4FF+)(MCRST+) 

(P1SEX-)(E01NS+)(0PGJS-) 

(TL4FF+)(SPM0D-)(TLAFF-) 

(MCSET+)(MEMC1+)(RCYF1-) 



* Repeat T3 and T2 as required and enter T4 



Origin 



126-H3 
129-D3 

129-D4/ 

H4 

126-F11/ 
Hll 

150-C2 



Destination 



121-A5 

101--116-:L11' 

101--U6-K11' 

150-C1 

150-D1 



Operation. Description. 



Increment shift counter 

Clear Y»register 

Enable P«register t© 
Y»register 

Enable set RCYF1+ 
Start memory cycle 



2-113 






I HHi t MSMili SIllM I mil KilNl "~ ; Hi ' 1 H 11 ^^^Wl^^^S NHnBi Wmm 



■ 
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liifii 



111 



illllliSlMi 
^PflHL IM „, 



? 



4 Dlisseldorf 

Moersenbroicher Weg 200 
« 6 21 61 
Telex: 858 6754 



1 

isms 

m 



Q§u9! 



:!JfiBnr 






Computer Control Division, 
Egelenburg 150-152, 
Amsterdam Buitenveldert. 
« 020-429666 
Telex: 13066 



Switzerland 

Honeywell AG, 
Computer Control Division 
8008 Zurich, 
Dufourstrasse 47. 
» (051 ) 47.44.00 
Telex: 53.561 












Honeywell AG 

Computer Control Division 
', 1200 Geneva/Switzerland 

5 73. Route de Lyon 

• 44 25 50 

Telex: 22 670 









isflHRBBi 






: V(ci!\r»i 



mmmm 
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Other countries 
export 



Honeywell Ltd., 
Computer Control Division, 
53 Clarendon Road, 
Watford, Herts. 
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